


_I ." 

RE-ORDER N O . ( n . -  4 L' 



DOCUMENT No. 69SD4354 
IO SEPTEMBER 1969 

DESIGN, DEVELOPMENT AND D E M O N S T R A T I O N  

OF A WARM G A S  

DISTRIBUTION SYSTEM REGULATOR 

JPL CONTRACT NO. 951988 (MOD. 1) 
FINAL REPORT 

PERIOD ENDING 10 AUGUST 1969 

THIS WORK W A S  P E R F O R M E D  F O R  T H E  JET P R O P U L S I O N  LABORATORY, . .  
CALIFORNIA INSTITUTE O F  TECHNOLOGY, AS SPONSORED BY THE 

CONTRACT N A S  7-1 00 
NATIONAL AERONAUTICS AND S P A C E  A D M I N I S T R A T I O N  U N D E R  

SPACE S Y S T E M S  ORGANIZATION 
Valley Forge S p a c e  Center 

P. 0. Box 8555 Philadelphia, Penna. 19101 



ABSTRACT 

TXe. successful design, development and demonstration of a pneumatic regulator for a warm 

gas dYstxibution system (WGDS) is reported. Component design, development and life test 

resultk ar-e discussed. Performance obtained in testing of an advanced soft seat design over 

axangeaf  teniperatures and in a one-million cycle life test is believed to represent best 

per-fcirmance obtained to date within current state of the art. 
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SECTION 1 

INTRODUCTION 

TW.dx%?hpm.ent:of .an;improved pneumatic regulator suitable for use in a spacecraft control 

aystem:is:repprted 3Bre; TEk. developmental effort conducted was a follow-on to ear l ier  

wodi tu.lr.der:;T-PI;C~6ntmct 951988.:* ' The original prograin covered development of a com- 

flbte: ~vrnm+g5s .di'skzibutian :system, the most recent effort has been concentrated in further 

&vdtq~.melll::of -the_replator far ihik system, with a goal of ultimately meeting the per- 

f ~ ~ a i ~ ~ e i . r e ~ ~ r e n l . e n t s  :of Regulatorr Specification SVS7513, which is appended to this 

rqxort;as r:AppeiidikY: A, 

4'1 \- 

Thwrcgplakor musbfunction with varying inlet pressures  (50-200 psia), must be adjustable 

to provide. a: range :of outlet pressures (1 5 to 25 psia), must operate within total regulated 

prcssnre.to1erances; including lockup, of k0.5 psi with a fO. 3 psi performance goal and 

mtrst.provide this perfoimmce over a -14 to +I67 F temperature b'md. 
0 

Ori~ i~ l ' deve2opmn~nt  of the WGDS regulator covered testing of two units at the component 

1evd .and of one of these units at the subsystem level. The original regulator design used 

\wfs Carleton COntrols -Il/ladel No. 1992-517, shown in Figure 1-1. This regulator was a 

single-stage, balanced poppet. design, using a bellows sensing element, The regulator was 

loaded with a helical, circular wire spring, and incorporated a soft seat with rounded edge 

sealing, 

The original desigg concept for  the regulator included sealing the bellows element and fill- 

ing the sealed element with a predetermined amount of inert gas. Temperature changes, 

acting-on: the sealed volume, would cause changes in internal pressure and a displacement 

of the bellows element. In -this manner, compensation was to be provided €or temperature 

effects on the spring modulus and dimensions. Temperature compensation such a s  this 

was deemed necessary to approach the desired regulation goal of 10.3 psi over a 100 to 

*Design, Dcveloplnent and Demonstration of a Warm Gas Distribution System, General 
. Elcctric Company, Report DIN G8SD4298, 2 August 1968. 
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0' -1-400 ~ F-temperature range. With the regulation tolerance redefined a s  required over a 

tmperahre range of -14 to +167 F, the sealed backfilled bellows compensation method 

was etiininated in favor of a constant modulus spring of Ni-Span C. The regulator outlet 

pressure could be adjusted externally. Since the spring and adjusting screw were inside 

t h e b d l l o ~ v ~  (the side exposed to ambient pressure),  adjustment of the spring did not intro- 

duce any ccndaniinants into the regulator or system. During detzil design of the regulator, 

itlwas found necesswy to incorporate both helical and Belleville springs in order to permit 

adjust.ment o\cerL the full range of 15 to 25 psig witliout use of different springs. 

0 

TE&.$ikskregulator assembled incorporated 17-7 Cres helical and belleville springs, Initial 

teskresul ts  showed that this unit (S/N 1) did not perform within specification limits over 

tlxe.$d.l-tenipei-ature range of -14 to t-167 I?, However, it was decided, with J P L  concur- 

rence,- to expedite the system test program by using this unit in the demonstration system 

an&fa carrtinue development activity on the backup regulator (S/N 2). Test results obtained 

fur,regq!ator S/.N I a re  suininarized in Figure 1-2. It was noted in the performance of the 

fikst regulator that a considerable ffdroopf' existed at  higher flow rates and that a consider- 

ablelkltllermal-induced e r r o r  was present. Developmental ef€ort on the second regulator was 

concentrated on selection of optimum spring rates for the helical and belleville springs and 

OM incorporation of a Nispan-C helical spring. A Nispan-C belleville was not used because 

of difficulty realized in fabrication. 

age offhe total spring load and is not so significant to regulator performance over a tem- 

perature span as  is the helical spring. With the design changes incorporated, the regulator 

per€oonnance improved to that shown in Figure 1-3. A total regulation range of &Os 55 psi 

was -realized with S/N 2, including all loclmp and flow regulation effects, at an outlet pres- 

~ u r e - ~ ~ a a p p r ~ ~ a t e l y  25 psi. At a 15 psi  setting, the maximum loclcup pressure rise was 

slTghfly higher- reusulting in a k0.7 psi band overall, although the pressure regulation during 

fl6w was fO. 5 psi  at this pressure setting, 

0 

This spring carr ies  a small (about 1 0  percent) percent- 
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Figure 1-3. WGDS Regulator Acceptance Test Data (S/N 2) 
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€611 ow-on: - pr  ogyaniiva s in tend e d to fulfill the following objectives : 

D~ellrorms~rate,-one-~~iil~ibn .cycle life of the soft scat design. 
.-11 - - - _. - .. _.-__ - .  -._ _ _ _ _ _  

bi€iate developinent of a backup hard seat design potentially offering better 
lbg,lif e . perf u rrn 'an ce .. 

. -  .-I---_ . - .- __ _____..__ 

%c Pro~a~~.Plan:for:accomplisliment of these objectives is included in this  report as 

cppendik:EK. Tlik-pragpm scope permitted procurement of one unit of each design type, 
. . . .. . - -. . . . . -  

thrdbpmcnt -and acceptance testing by each regulator supplier, and coinparative functional 

rlxd life- testing conducted on each design by General Electric Space Systems. 
_- - I- -I--- -. ----- -__ 
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SECTION 2 

TECHNICAL DISCUSSION 

221 jDESCRTPTION OF REGULATOR DESIGNS 

2 3 ;  1 SOFTSEATREGULATOR 

The ~01-11 statement used for  initial definition of the scope of work for improvement of 

the .performance of: the soft seat regulator design manufactured by Carleton Controls is 

included as Appendix C .- The design analysis performed included particular attention in 

the .follawing areas:  

1s 1 

2:. . 
3:. 

4;. 

5L * 

GC. 

7: 1 

8 i .  

9.  2 

10.. 

Eiilarged and smoothed flow paths downstream of seat. 

Modifications to regulator gain to improve stability. 

Elimination of friction dampers 

Re'duction in number of detail parts. 

Rkduction in number of O-ring seals. 

Simplification of adjustment provisions 

RGduct-ion in. use of threaded parts. 

Elimination o i  sensitivity to external torques. 

Increased clearance around helical spring. 

OfXiinization of.helica1 - Belleville spring relationships. 

"he initial attack was directed as shown in Table 2-1, leading to an early conceptual 

design shown in Figure 2-1. This design employed a tapered valve head assembly to 

reduce regulator gain. It was subsequently decided to continue use of the annular rounded 

edge poppet previously proven in earlier units but to incorporate a binietallic element for 

additional temperature compensation, and to use several poppet drive pintles rather than a 

single central pintle. The design evolution ultimately led to the design shown in Figure 2-2. 

This design was felt to offer the optimum combination of improvements desired. Features 

2-1 
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iclude ,resistance to main helical spring cocking by means of floating spring supports, 

&$need poppet. loading,-. inlet bellows support using an internal post rather than an external 

le:e\rcs a bimetallic eleiiient for additional temperature compensation, simplified external 
. . 

dj6st&iliiy,.-ad<a~ eksy-t&-ciean convoluted bellows design. Flow paths a r e  enlarged to 

e',ormse .droop- at maximum flows under minimum pressure con.ditions. 
- 

_ _  . . .. . .  - - . .  
~ _ _ _ _ _  - _ . . - .  . .- . 

%]le.m&rnal di5Trensions of the regplator are shown in Figure 2-3. The regulator weighs 

,pp.&ximately. ,O .:95 pound including inlet and outlet tubes and conventional flared tube nuts 

ised :for .test coimec.tions. .The actual regulator assembly weight is approsiniately 0.65 pound 

:xcLusiv.e o€ fhh-.ese parts;. and i t  is estimated that a 0.5-pound weight may be achieved by taking 

vei&t.out of the. ma-in.housing in subsequent units. 

- .  

. .  . - -  

. .  
I .. . 

221 22 >HARDX3AT7REGULATOR 

Tlie. ..h&rd seat  regylator design selected is Sterer Par t  37020. The regulator had been 

or.ig&nallj; proposed by Sterer for use in the initial WGDS demonstration. The regulator is 

shbwn :ia:Fi,.;lure-&4.-. .This desigx is a modification of similar Sterer designs which employ 

an:unbalanced poppet -1vith.a hard ball and seat in the valve head subassembly. 

GE;had previously recommended to JPL during design activity on the original WGDS design 

and component selection tasks that the unbalanced poppet design might not be capable of 

as -tight a pressure regulation accuracy band a s  the balanced poppet design eiiiployed in the 

soft seat regulator design, However, the hard seat design oifered signiiicant life advan- 

tages. Because program liiiiitations permitted procurement of only one unit of each type 

€or -life testing a t  GE;  advantage was taken of as  much prior design data as possible, and 

only those changes deemed absolutely necessary to improve regulation accuracy were made. 

(The soit seat  designwas changed more radically since it is  the third prototype regulator 

of this type and subsequent prototypes could take advantage of results obtained from the 

S/N 2 regulator as well as the current design.) 

2-2 



Figure 2-1. Initial Soft Seal Regulator Redesign 
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Figure 2-2. Final Design - Soft Seat Regulator 

a. 
w. 



0 2 

v, 

. .. 

J I 
d 
2, 
W 
w 
9 
x 



..*l ". --. "- 

Table: 2 4 . -  .Des&= Improvements for WGDS Regulator 

2- G 

Objective 

Eidai-ged and.smoothed flow paths 

h ld i f ica t ions  to regulator gain 

Optimization of helical-Belleville 
spr ing r e l a  tionsh ip 

ETimination of-friction dampers  

Simplification of adjustment  provisions 

Increase c learance  around helical 
spr ing 

RPmmnl of sensitivity t o  external  
torques 

Reduction in u s e  of threaded par t s  

Reduction in number of O-ring seals 

Reduction in numher of detail pa r t s  

Design Change or Approach 

1. 
2. 
3. 

1. 
2. 

1. 

2. 

1. 

2. 

1. 
. 2 .  

3. 

1. 

2 .  

1. 

1. 

2 .  

1. 

1. 
2. 

Direct  flow path to exit 
Enlarged flow a r e a  
Bellows bottoni plate removed f rom flow 
region (s t roking to full open does not 
r e s t r i c t  flw) 

Valve head change to conical head considerec 
Possible  effects of change to conical head: 
a. Inciyased stability 
b. Increased lockup tolerance required 
c .  Grea te r  valve s t roke  required (may 

requi re  new Belleville spr ing  design) 
d. Seat design change required 

Enlarged body ( 2.1  inch d iameter )  permi ts  
m o r e  latitude in spr ing design 
Belleville spr ing design via computer pro- 
g r a m  a t  Carleton; several designs t r ied 

Inlet bellows teflon sleeve eliminated 
(Internal post added for  column support) 
Adjustable damper  eliminated (Poss ib le  
through increased stability from decreased 
gain 

Adjusting nut niadc readily access ib le  
Fr ic t ion damper disassembly and reassenibl  
not required 
Locking provisions simplified 

Grea ter  sensing a r e a  opens outer  d iamet ra l  
c learance on spr ing 
Shorter  bellows bottom plate minimizes  
rubbing possibility on spr ing ID 

Thicker body in inlet and bottom plate area 

Number of threaded pa r t s  reduced through 
si ni pl if i c a t ion of s e a t  a s s e m b 1 y 
Two threaded par ts  on friction damper  
eliminated 

Investigated elimination of static O-ring 
sea l s  in favor of Bal Scal or Onmi-Sea1 type 
(spring-loaded Teflon) 

Valve sca t  assembly simplified 
Friction damper  pa r t s  eliminated 

a. 
L 
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Miaial lese results of. the hard seat regulator were  made using a design employing three 

spnings -to cover the adjustable pressure range. GE asked Sterer to design a single spring 

toflcover-the adjustxbIe pressure range, since the initial design concept led to a cuinbzr- 

some (and possibly daiiiaging to the regulator) adjustment process. This redesign was 

accomplished using a single NiSpan-C helical spring. Other redesign included modifica- 

tkon.of the  -end.cap to accommodate the longer spring, tr ials with thinner diaphragm, and 

ciliilliiiati~n .of some internal friction. Data from initial testing with a short-range spring 

is.presentcd in  Table 2-2; data with a full-range spring is tabulated in Table 2-3. Data 

taken-€or the segulator with thiimer diaphragm did not indicate improvement in pzrform- 

ancc and the thinner diaphragm was discarded. The data also indicated a signXicant droop 

beyond GO, 000 SCCht flow at the low end of the required inlet pressure band. 

Tiible 2-2. Initial Hard Seat Regulator Test Results 

Flow 
( S  c c '1LI) 
Lockup 
15550 
22600 
36800 
46700 
56600 
67900 
80600 
92000 
96000 

Inlet Pressure 
(PSW 

200 50 

16.25 1G. 1 5  
16.10 16.50 
16. 0 16.35 
15.95 16.25 
15.80 16.15 
15.75 16.00 
15.70 15.95 
15.70 15.80 
15.70 15.75 
15.70 15.65 

2- 8 
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: Irilct 
: Pressure 

(13s $9 
! 2Q0 
' 200 
t 1'25- 
: 150 
: 125- 

l o o  
75 : 

I 50 
I 50 

Two alternative approaches to continuation of this portion of the program were studied. 

One approach was -ta permit delivery of the regulator with a single pressure setting (short- 

range spring). , Anticipated regulation for this design would be similar to that acquired in 

the testing reported in Table 2-2--,_ providing a tolerance of approximately - + 0.55 psi 

(overalI including laclnxp) plus a small  thermal sensitivity a s  yet undetermined by test. 

A'second approach was continuation of the design employing a full range and fully adjust- 

able spi*ing. 

performance of the first prototype soft seat  regulator (approximately - + 1 0 psi). It was 

agreed between GEIand Sterer Engineers that the unbalanced poppet design could not be 

modified sufficiently to meet regdation goals without major redesign of all  elements of 

the regulator. . Since the objective of comparing life data for the hard and soft seat designs 

was a primary program objective not compromised by an out-of-tolerance pressure regula- 

tion characteristic, it was decided that acceptance of the hard seat  design with full range 

spring for.cornparative life testing with the soft seat  design would be the more advantageous 

approach. 

The performance of the regulator in this configuration is similar to the 

OLi t 1 et P r e s sur  e 
Flow (Two Settings) 

(sccm) (psig) 

lockup 26.35 16.0 
96000 25.0 15.0 
96000 25.3 15.0 
96000 25.3 15.0 
96000 25.4 15.0 
96000 25.15 14.9 
96000 25.0 14.85 
96000 24.8 14.8 
loclcup 26.8. 16.55 

2.2 MATERIAL COMPATIBILITY 

A sttidy to verify material compatibility with the products of combustion from a hydrazine 

gas generator was conducted. Results of this study a r e  attached as Appendix D. Both the 

hard and soft seat  regulator designs are believed to be fully compatible with the indicated 

2- 9 
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i 
I fiitids,. However; .an iestingreported her-e was conducted using dry nitrogen as the test  
! 

ZiX RECtULATD~-ACCErTAh'CE'TEST RESULTS 

Ao~ep*taslce test d a h  obtained by-Carleton Controls for the soft seat regulator is shown in 

Eigtre. 2 ~ 5  and iscdocunicntcd in Appendix F; This data was taken at high and at low 

mvir.omicnfa1 .temperatures, high an2 low inlet pressure settings, and high and low outlet 

piwzxrrc-settings. . Overall regulation accumcy, including loclcup, €or the 25 psi nominal 

mtlt?t setting was=-t-0.275 - psi. . At the.15 psi setting, overall regulation was - +0.225 psi. 

B&i-formaice was within regulated accuracy goals set  for the program. 

Aaceptance test.data for the.hard seat  regulator i s  presented in Figure 2-6 and Appendix G. 

TJie S e r e r .  hard seat unit achieved a best performance of approsiniately - f 1.1 psi. Although 

this- performance.was not as -good as  that for the soil seat design, it was felt to be quite 

good €or a iirst prototype, a s  contrasted to the third-generation soit seat regulator 

"Tie orrginal acceptance t e s t  data iar each regulator was in each case the best periorinance 

measured. A11 snbsequent functional tests of the Sterer hard seat regulator were marred 

by an improperly placed pressure top. . One functional test of the soft seat design was also 

pcnalizcd by this problem before it was eliminated. In addition the life test cycles required 

frequent outlet pressure adjustments. A flight regulator would not be subject to a s  niuch 

Eaiidling, .which seemed to txke away some o€ the fine tuning of each unit. 

'fiei-.e was,  . l iowe~er,  .no indication of perhrmance degradation of either unit due to wear 

aver' the million operational cycles of Iife testing. 

2-1 0 
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iksectioii contains khe. r e su l t s  of. fhc one-million-cycle life tests, conducted in 

mzdance.witli-.the requirements of. ETP 1K49-011, "Test Plan for WGDS Regulator, 

MexxdiX FIVE$ with the exceptions noted herein. 
. - . 1.. 

tl; 11 1: IBiceptions t o  Test- Plan 

.4:X 1; 1: R e s l a t o r  .Life Testing Pi-essure Set Point 

l ckriation- to-the original test-plan was made to change the requirement to adjust the 

qplator  outlet pressure to a new sei point after 500,000 cycles to reduce the number of 

Ijpstnients-of outlet pi-ssure set points, This change in procedure was introduced to 

xluce- the pmsibility of adjustment thread galling in the sterer regulator. For comparison l i  
id 

n-p,oses; the sstme change i n  procedure was maintained during life testing of the Carleton 

'egplator. 

hexmi se d .pro ce du re .is -as follo~v s : -- 

ach.regulator was creceived with a regulator outlet pressure setting of 15 psig. Functional n 
ii 

z&s-were -conducted initixlly at 1 5  psig, and then the outlet pressure was reset to 25 psig 

nd functional tests repeated. B6th regulators were life-cycled at the 25-psig outlet pressure 

&ting-for.the first 100,000. Functional tests were then conducted at 25 psig, the regulator 

u tk t  .pressnre.was :reset to 15 @jig, -functional tests were conducted, and life cycling was 

rarsumed. 

TAbulation of regulator set points and life cycle history is as shown in Table 2-4. 

2-12. 



Table 2-4. 

. .  . - .  

Regulator Pressure Setting History 

F-Bnction 

hitiaL Fimctional Test 

Xegylatar Readjusted 

hiitis1 Fiinctional Test 

LOO,-OOO Life Cycles 

FBiiuctiunal Test 

33 &at o r Read ju ste d 

Fiinctional Test 

2 o 0,- 000 Life' Cycles 

FLlnctional Test 

Keclator  Readjusted 

Fiinc tional Test 

200,000 Life Cycles 

FihxAional Test 

e g u l a t o r  Readjusted 

F'iinctional Test 

300, 000 Life Cycles 

Fiinctimal Test 

Regulator Readjusted 

Functional Test 

200,000 Life Cycles 

Fiinotiunal Test 

Regulator Readjusted 

Fiinctional Test 

Total Life Cycles 

Total Life Cycles 

~ 

Set P oiiit 

15  psig 

25 p i g  

25 psig 

25 psig 

25 psig 

15 psig 

15 psig 

1 5  psig 

15  psig 

25 psig 

25 psig 

25 psig 

25 psig 

15 psig 

15 psig 

15 psig 

15 psig 

25 psig 

25 psig 

25 psig 

25 psig 

15 psig 

15 psig 

15 psig 

25 psig 

Life Cycle 
A ccuinu 

15 psig 

- 
- 
- 
- 
I 

- 
200,000 

- 
- 
- 

200,000 

- 

- 
500,000 

- 
- _  
- 

500,000 

- 
- 
- 

500,000 

tion 

25 p& 

- 
I 

100,000 

- 
- 
- 

100,000 

- 
- 
- 

300,000 

- 
- 
- 

300,000 

- 
- 
- 

500,000 

- 
- 
- 

500,000 

2-13 



.--_-- .. _.. 
235;'1;1322 PFe-ssure.Tap -Location 

F%w>tesfs were ccmdrrcted on the Sterer Regulator in accordance with the test set-up as 

described;rbn:Fijpre 3 'of -Appendix E. The gauge (Item 6) used to monitor regulator outlet 

pyessure<s shixm-:with'tlie pressure piclaip point down stream ex%ei-nal to the leak box 

assembl$: (Ltem..4). . Tlie. increased pressure drop caused by tubing and additional fittings 

reqqi2ed.ta;dii.ect the. downstream flow out of the leak tes t  box contributed to lower 

repplator :outlet pressure measurements equal to 0. G psi, with a regulator inlet pressure 

obi50':psig;.an:outlet pressure of 15 psig, and a flow demand of 96 SLPM. This discrepancy 

Mnasslotedrduring -the initial runctional test  on the Carleton Regulator prior to the  first 

lfE&cycle .pftase c . 

AAdeviatidn:ta the flow test setup was  made to improve the regulation/flow performance 

m.easnrements, by installing a special piezo-type pressure pickup point in  the AN reducing 

u n ~ o n : f ~ ~ n g - d i r e c t l y  on the outlet tube stub provided as part  of the Carleton Regulator. 

Thk-flow and regulation tes ts  conducted a t  the coinpletioii of each cyclic life test pllase 

sbbw the results of regulator performance utilizing the piezo-type pressure pickup as 

deiseribed herein. 

21$;2; 1: - Physical Ekamination 

EEkh regulator was inspected for conformance to the applicable drawing and for any de- 

fdcts,- such as cracks,  body distortion] lock wire breaks, and thread damage, upon receipt 

of konippnent and at the completion of each intermediate phase of cycle life testing. 

Both regulators conformed to their respective drawings and, during each subsequent 

functional test  and a t  the completion of 1,000,000 cycles, showed no visual evidence of 

distortion, degradation, o r  damage due to life cycle testing, 

2-14 L 



lXising..the initial: adjustment of the Sterer  Regulator, evidence of an accumulation of an 

o&'l$- substance was-found in the thread adjustment area of the regulator. Infrared 

sppetroscopy disclosed the substance to be that of the ester of a long chain fatly acid. 

(Xantact > v i a  Sfierer disclosed that a thread lubricant was used to prevent galling of the 

thkead .adjustment a rea. 

S~~ce . a : t~ong .poss ih i l i t y  of galling existed ixi adjustment of the Stere;. unit, a change in 

testrscope was introduced, as discussed in the preceding section. 

224L2:2f Weight 

Thexeigbt of each regulator was determined, as follows. 

%ft'.Seat Ke&-lator: 0.992 pounds, including IrBtr nuts and sleeves 

0.642 pounds minus frBrr  nuts and sleeves 

H&rd:Seat -Regglator: 1-95 pounds 

224.2: 3; Static -Leakage 

Static -leakage was conducted with the regulator pressurized with 200 psig (he). Regulator 

outlet pressures  were at the pressure settings of that phase of cyclic testing. External 

leakage was monitored with a CEC helium leak detector, with the regulator assembly in 
3 ~-~va;cnui~.environinent of 1 X 10- MM Hg o r  less at standard temperature conditions. 

l3ternal :(seal leakage) was monitored with the regulator in a lockup condition, measuring 

p n s s u r c  increase in a known volume versus time. Monitoring time was for a minimum 

of .'2Lhoursi Results are shown in Table 2-5. Both regulators exhibited excellent internal 

a.ad:'exA.errraL leakage levels over the entire life test. 

2-1 5 
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Tare. 2-5.'. Leak Test Results 

a€ ? 

t ; :1~0~000 cgc1es: 

b:300,000 Cycles: 

$!5QOS 900 CjrclCs 

t.:800'; 000 Cycles - 

&El; 900,000 CpAes - 

IMtleL 
!P res s  
j (ps ia) 

* l 5 L O  

25.10 . 

15.50 - 

25.-0 

1 L - O  - 

25.-0 

Hard 
In t e rim1 
scc/lir(He) 

0.61 : 

1.15: 

1.D5 

1.20. 

1.30 

0.24 

:at 
E s te  rnal 

(scc/lir (He) 

0.011 

0.007 

0.009 

0.004 

0.007 

0.006 

Soft Seat 
Iiite rnal 

(s c c/h r (He ) 

0.054 

0.000 

0.000 

0.000 

0.000 

0.000 

Ext e rna I 
(scc/he (He) 

0.013 

0.070 

0.060 

0.060 

0.0549 

0.0786 

-: 224: Cbntarnination Test 

iliamination tests were conducted during the initial functional and during each subsequent 

etional test. . The regulator had 200 psig of pre-filtered dry nitrogen applied to the inlet 

E! tlje.outlet flow adjusted to  96 slpm. The regulator outlet pressure was consistent with 

x u i r e n t  phase of the lile test. 

tIipore,O, 45'pJilter .attached to the outlet of the regulator. 

Tiable 2-6. Although a few particles larger than 24,u were found, there was at no time 

, rp~rformance problem due to Contamination. Neither regulator exhibited substantial 

Lount s 2 of self - eont am imt ion. . 

Ten (10) cubic feet of dry nitrogen was  sampled with a 

Results obtained a r e  shown 

44 2; 5- mow and Regulation 

ccK.remlator was.tested i n  a test  setup as shown in FiguiE 3 of Appendix E and in accordance 

th: Paragraph 5;4 of Appendix E;_, The inlet nitrogen supply to the regulator was protected 

om containination by two 0.45 fi  Millipore iilters, installed in series. Pr ior  to installation 

.'t?ie test specimen, the tes t  set-was purged and cleaned. 

ade of the test setup 1vit.h a limited requirement of zero particlaes greater than 25 iiiicrons. 

he regulator remained undisturbed in this setup during the complete ser ies  of tests performed, 

Millipore sainplc checks were 

-1 G 



Table 2-6. Contamination Check Test Results 

Iriithl. 1 

Pbst- 100,-000 
cycl;es I 

- -  

Pb'st 5a0,OOO 
cycles 

Prist s00.00 
Cpcles 

Pbst- 1,:000,000 
Cycles 

Outlet 
( W E )  

15 

25 

15 
- . . - 

25 

15 

25 

Size 
(Microns) 

0-25 
26-50 
51-100 
>loo 

0-25 
26-50 
51-100 
> 100 

0-25 
26-50 - . 

51-100 
> 100 

0-25 
26-50 
51-100 
> 100 

0-25 
26-50 
51-100 
> 100 

0-25 
26-50 
51-100 
> 100 

-Sterer S/N 1 
Par '  

Met a 11 i c 

0 -  
0 
0 
0 

G 
0 
0 

3 
. -..(I-. - - 

0 
0 

3 
- 2  

0 
0 

2 
0 
0 
0 

2 
1 
0 
0 

x l a  t e 
Nonmetallic 

11 
0 
0 
0 

18 
2 
0 

0 
-1 . -- - 
0 
0 

8 
4 
0 
0 

1 
0 
0 
0 

5 
3 
0 
0 

Carleton S/N 1 
Particulate 

Me tall ic Nonme ta 1 li ( 
1 

18 
0 
0 
0 

Deleted to expedite 
continuation of 
cycling test 

1 
--.o - 

0 
0 

0 
0 
0 
0 

2 
0 
0 
0 

2 
0 
0 
0 

4 
2 
0 
0 

2 
0 
0 
0 

4 
2 
1 
0 

3 
0 
0 
0 

inchiding functionals, leakage, and contamination tests. To improve the accuracy of mon- 

itoring -regulator pressure/€low performance, pressure readings were recorded with in- 

creasing flow and then repeated with decreasing flow at each specific inlet pressure and 

flow rate. 

band, under dynamic flow conditions. 

LQ determine the norminal outlet pressure lockup. To determine the full regulation band, 

The average of each of these readings was then used to determine the regulation 

The average of the lockup pressure readings was used 
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. . . . . . .- --- - - -. ----- - - _. _ _ _  . 

18 differences- between tlie nominal (average) static lockup pressure and the minimum 

werag@- outlekpressure under all inlet and flow conditions were utilized. 
- - ._-. . -. - .. _. .. -. . _ _  . 

'he sesu l t s  o€ fI6w and regulation tests are reported in Tables 2-7 and 2-8. Test results 

rir :the hard seat- regulator a r e  consistent'with those obtained in acceptance testing through- 

&the life lestcif a correction is made for the improperly placed pressure tap used. A 

&iu'ldtLd drQQp of about 0.6 psi and a subsequent 2 0 . 3  psi decrease in regulation band 

esulting fi-mm.the pressure tap a re  included in the test data. 

. _  

rest-datxfor the first  functional test o€ the soft seat regulator i s  similarly penalized. 

Siibsequent test-data after incorporation of an improved tap indicates performance varying 

'Born - -- +0.*334 psi to -_ + O .  550 psi. Performance did not degrade significantly over the life 
- _ _  

;dSt-.:. t'fhvever,. it i s  believed that the data reflects a loss of regulator "fine tuning'' through 

;h$ k a n y  adjustments to the outlet pressure required by the test plan. 
. -- 
.- 
- -- 

2;14,72;G *Discussion of Regulator Stability 
I 

Bith the St.eerer.-and the Carleton regulators demonstrated smne slight instability during 

fl&v/regulaiion testing. The instability occurred during the process of slowly increasing 

th$-outle't. flosv demand manually from a lock-up condition to flow rates of slightly less than 

1:5 :sI@iii (N ). During this period, the Sterer regulator oscillated 1.25 psi (peak-to-peak) 
2 -  

atca frequency of 950 cps. No measurements were taken during the Carleton regulator tests, 

since the oscillation was of very small signficance, as indicated on the regulator outlet 

pressure monitoring gauge. In both cases, instability could be eliminated by a change in the 

rate of increase in flow demand consistent with the anticipated spacecraft use for such a 

regu€ator. 
- -  

Diiring solenoid actuated flow demands, drastic reductions in tlie downstream volume between 

the regulator outlet and the solenoid valve, from the specified 40 cubic inches, would also 

cause instability in the Sterer regulator. 

of 11:5 -cuIlic inches. 

This test was conducted with a downstream volume 

2-2G 



Njiither the Sterer nor  the Carleton regulators exhibited any instability during the actual 

lX&eycb. phase of testing, with a fixed downstream volume of 40 cubic inches, a flow 

ddmandnf. 96 slpm, inlet pressures of 50 to 200 psig, and with regulator outlet pressures 

set; at15 psig D r  2 5  psig. 

BGth..reg.datars a r e  designed to be compatible with a downstream volume of 40 cubic inches 

and to function with abrupt flow demands, such as solenoid valve actuation. 

opprating .regimes may require modification of regulator damping o r  gain. 

Changes in 

225 t DISCUSSION OF -MEASUREMENT PROCEDURES AMD EQUIPMENT ACCURACY 

A$ :previously noted regulator pressure and flow measurements were taken with increasing 

€lh, and .then repeated with decreasing flow rates. The average of each of these readings 

were ,used to determine a nominal value. 

n i e  flow meters used during GE tests were N2-calibrated Fisher and Porter rotometers 

(variable orifice) with 600-mm scales, and an accuracy of 1 percent of indicated reading. 

n j e g r e s s u r e  gauge used to measure regulator outlet pressure was a 12-in. -diameter 

Heise gauge, with an accuracy of - + O .  1 percent full scale (150 psig). 

minor subdivision reading capability of 0. 1 psig. 

The gauge scale has 

C6:rletonControls used the following equipm ait during acceptance testing of the soft seat 

regulator under GE Engineering cognizance. 

1;:. RPikonwters 

a:. , Brooks. 118 slpin full scale 

Scale: 25 slpiii subdivisions 

A.ccuracy: - + 0. 1 li ter (calibrated with air) 



bf: . Broolcs Plowrator, 3800 cubic centinietcrs niaxiinum capacity 

S E d R  2 1 a0 cubic centimeters/ subd iv i s ion 

kCmracy: . -- + 2 percent fiill scale (calibrated with a i r )  

2:. Ofitkit .PPi;essure Gauge 

a;.. Uiiiti?d Sates Gauge 30 psig full scale, 8-inch dial 

S&aI& 0.11 psig subdivisions 

Abeeuracy: - +O. -- 05 psig full scale 

Serer-Engineering Corporation used the following equipment during acceptance testing of 

the.hkrd.seat regulator under GE Engineering cognizance. 

1: Flowmeters . 

2 a i .  FiSher and Porter  percentage flowmeters ealibrated €or N 

2t.  Oiitlet PFessure Gauge 

a i ,  (Manufacturer unknown) 0 to 60 psig full scale, 8-inch dial 

Sealer Data not available 

AQcuracy: 0.25 percent full scale 

blb c; 
f r  

mow and regulation monitoring test  equipment used by Sterer, Carleton and GE were visual- 

itidicating instruments subject to tolerance e r ro r s  and human inaccuracies. 

diifferences -in accuracy of. gauge readings i s  slight. 

fuiIiscale -range of 150 psig instead of the 30 psig full-scale gauge used by Carleton Controls. 

The measurernetits taken with the Carleton gauge would involve less difficulty in reading 

However, the 

GE used a 12-inch dial gauge with a 

pressure. 

A s  previously discussed, discrepancies in measuring the regulator outlet pressure can exist, 

dependent on the location and type of pressure pickup point used, 
E? 
6 
i' Pressure drops can be 

2728 
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Fi-we 2.'.7.- Test Equipment Setup in P i p r e  2-8. Hard Seat Regulator in 
Pneumatic Test Clean Rooin Vacuum Chamber Bell J a r  

Figure 2-9. Hard Seat Regulator Outlet Figure 2-10. Soft Seat Regulator hlounted 
Pressure Adjustment in Bell J a r  Showing Location of Outlet 

Pressure Tap 

.n 2-29 
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created by-add'ifional tube lengths and iittiugs. The use of a standard AN938 "TIt can cause 

redtkeb .pressure readings-under dynamic (flow) conditions. 

CZZused a pressure piclap (shown in Figure 2-10) consisting of a standard AN919 tube 

red\icer;.witlxa .O. 1ZMnch OD tube inserted in the reducer hexagon. The end of the inserted 3 
&b& .was machined flush-wit11 the reducer inside diameter. The 0.125-inch tube was silver- 

on:thk ,CSrlet,on regulator. 
.. 

Ca'eEe'tan used- a standard AN938 

redtice ih(S chamber volume, and 

"T1I, with tlie pressure pickup area filled 

a small pressure-sensing hole provided. 

sdd&red lealc-tigk$; and. tlie assembly ultrasonically cleaned. This pickup was used only r2 

with epoxy to 

n Skr-er used a standard AN938 IIT" with no modifications. This "TIf was attached to a tube 

uniunmnthe outlet port tube stub. 

GE3tested the Sterer  regulator as described on Figure 3 of Appendix E, with a standard 

A1?1938 "'T'! located outside the Bell Jar, with tubing and fittings introducing additional 

pyessure drop. 

andthe unit delivered to JPL. 

This discrepancy was noted after the Sterer regulator tests were completed, 
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SECTION 3 

SUMMARY AND CONCLUSIONS 

TEe. sepcsrted p q p p n . h a s  demonstrated the compatibility of a properly designed soft 

se&. regclator : with.the functional requirements of a long-life spacecraft mission. 

\x%2re..very_-tigliC regulation performance over a band of environinental extremes and 

fdmtinnal--regirncs is required, the USL of a balanced poppet design appears to offer the 

ggezte.st:prabaMl i€y of success . 

Alilioughno inherent life limiting characteristic was found in the hard o r  soft seat 

designs,. fur ther  testing to include dynaniic environments, particularly vibration, is 

rct-coimende d . 

The sof t - sea t  regulator offers the tightest regulation accuracy known t o  GE under current 

sm-e .of the art-over the range of performance and environmental regimes tested. In order 

tarwe g e a t e r  advantage of this  perforniance, in applications other than with a gas genera- 

tar; .tire regulator may be used in conjunction with an upstream "rough" regulator to pro- 

vide a .closely regulated output with a widely vaiying inlet pressure range. 



'SECTION 4 
~ . .  

NEW TECHNOLOGY - .  

NQ sepgrtable. items of new technology have been identified during this report period. 
. . . . . . .  . . . . .  . . . . .  

. . . . . . .  . _  

.. 1. . . . . . . . . . . . .  

. .  - .  . . .  

... .. - ~. . -. . . . .  ~ . -. 
. _ _  - .  . . . . . . .  . . . . . . .  . .  

. - .  . . . . . .  , . . . .  .. . .  . . . . .  . . . .  

. . . .  

. - -  . . _. 
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ms 7513 
. - .  

9. 

1 

'. 
121: Seapa . !. . 

T ~ f 8 r s p e d f i c a t i o n -  cove r s  one type  of pneumatic p r e s s u r e  r e g u l a t o r  h e r e i n a f t e r  
r e f e r r e d  ta a s  t h e  r e g u l a t o r .  
warm:gas diatrri-btbution system t o  r e g u l a t e  t h e  flow of hydraz ine  decomposition 
p r o d u c t a  i n c l u d i n g  d i s s o c i a t e d  and u n d i s s o c i a t e d  ammonia. 

The r e g u l a t o r  is in tended  f o r  u se  ao p a r t  of a 

I 

2 21 Govsrnrne~~tr Documait s _ _  
TEerforflowj.ng docu&nts  of t h e  e x a c t  i i n u e  shown, f o r a  a p a r t  of t h i s  spec i -  . -  

_ I ,  ~ 

-- 
~ ' . -  

. ffclrtkan to- t h e  e x t e n t  s p e c i f i e d  he re in :  

' S 6 e c i f i c a t i o n s  ... 
M€ T l t n r y  

. .  
,WL+D=7C32T -. Drawings, Engineer ing  and Aasocia ted  L i o t s  
27: March 196% 

MEP+5lB.  
lO.;May_ 195.6 A i r c r a f  t 

MIX -7,r4'2p; Screw Threads,  S tandard ,  Aeronautical .  

% .  

Pneumatic System, Design, '  I n s t a l l a t i o n  and Testo :{e 
. .' .. 
. ,. . - I .  

.. 2I:.JUne 13.63. . 

Standards - 

M€litary 

MCL~STD- 13 OB I d e n t i f i c a t i o n ,  Marking of U. S. M i l i t a r y  Property: 
c, * 24 -AprFL 1962 ' 

-. .. . ML-S-TD-143A S p e c i f i c a t i o n s  and Standardo ,  Uoe of 
l+-May 19.63. 

MTL-STD-447 D e f i n i t i o n  of In t e rchangeab le ,  S u b s t i t u t e  and Replace- 
28May 19S9 w n t  Items 

Ms+m995 ~ Wire, Lock . .  
e.. .y 

2;2 .  

.. _- 
m-;331546 S a f e t y  Wir ing ,  General  P r a c t i c e s  f o r  

MSt33586A Meta l s ,  D e f i n i t i o n  of D i s s i m i l a r  

A M - B u l l e t h i  438B 

F e d e r a l  S tandard  
No. 209 t r o l l e d  Environment 

Age C o n t r o l s  f o r  Age-Sens i t ive  Elas tomer ic  M a t e r i a l s  

Clean Room and Work S t a t i o n  Requirement8 f o r  Con- 

I .  . . .. ~ - 

Non-Government Documents 

The fo l lowing  documents form a p a r t  o f  t h i o  s p e c i f i c a t i o n  t o  t h e  extent spec i -  
f i e d  h e r e i n :  

A-2.  
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SEmdard 9 .: 

Gdneral 33lectrd.c Company 

1m.1mOQ. Fin iohes  and Coat ings  

DSaw i n  Rs 

Ggneral E l e c t r i c  Company 

47mm7. - Regulator ,  Pneumatic Presaure  

(@Spies l o t  S p e c i f i c a t i o n s ,  Standards Drawings and Publ ica t ior t3  r equ i r ed  by 
-. ___ -C&n&t-ractclrs i n  connec t ion  w i t h  s p e c i f i c  procurement func t ions  dhouls  be 

ob ta ined  .fcam, o r  as. d i r e c t e d  by, t h e  Purchasing Department of GE/MSD.) 

223 2, Ofde‘r -05 Pfecedence- 

I d r t h e  :went  of  c o n f l i c t  between t h i s  s p e c i f i c a t i o n  and t h e  documents re ferenced  
hkrekn, this s p e c i f i c a t i o n  s h a l l  govern. 

3 20 C RE q u ir  e men t s- 

3 3 :  pesign &Const ruc t ion  

Tlie:regulatcsr s h a l l  be of  t h e  des ign  and c o n s t r u c t i o n  s p e c i f i e d  on t h e  General 
E l e c t r i c  Drawing and t h i s  s p e c i f i c a t i o n .  

3:.1;1: I n t e r c h a n g e a b i l i t y  
c. ‘.a 
, I  

AYX $ a r t s  having t h e  same p a r t  number s h a l l  be  in t e rchan ieab le  a s  def ined  
in .pa rag raph  3.1 of MIL-STD-447. 

3 3  ;2 I Workinanship 

F d b r i c a t i o n  and f i n i s h i n g  s h a l l  be  i n  a thoroughly workmanlike manner. 
TKmx s h a l l  be  no c racks ,  b reaks ,  c h i p s ,  bends,  loose  a t tachments ,  
iEXegible markings, o r  o t h e r  d e f e c t s  t h a t  could adverse ly  a f f e c t  the 

fEka .from b u r r s  and sharp  edges. 
. s u i t a b i l i t y ,  u s e ,  o r  l i f e  of t h e  component p a r t s .  The p a r t s  s h a l l  be 

3 I1 3 I l d e n t i f i c a  t i o n  

Cohponents, assembl ies  and p a r t s  s h a l l  be marked f o r  i d e n t i f i c a t i o n  i n  
aceardance w i t h  MXL-STD-130. 
nameplate ,  i t  s h a l l  be perinanently and l e g i b l y  marked w i t h  t h e  fo i lowing  
i n f  cullla t ion: 

Where t h e  component drawing r equ i r ed  a 

a;. 
b.! . 

d i -  
e k .  
f .: 
g* 
h. 

c.< I 

Ndmenclature 
Customer p a r t  number 
S e r i a l  number 
Cont rac t  number 
Manufacturers  drawing number 
GE drawing number 
Manufacturers  name o r  trademark 
Date oE manufacture 

A-3 
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TIG x e g u l a t o r  d e s i g n  s h a l l  i n c o r p o r a t e  i n l e t :  a n d ' o u t l e t  tube s t u b s  f o r  

shtiL1 be a& 8 b ? n  on General E l e c t r i c  DrowFng SVS 47D212117. 
-- . welding into a sys tem,  The m a t e r i a l ,  s i z e ,  and l e n g t h  of t h e s e  s t u b s  

. 

. . .  . 
Ani.:in'tagml I n l e t -  and o u t l e t  f i l t e r  s h a l l  be provided t o  p r o t e c t  t h e  
regulafox. from contamination; t h e  f i l t e r  s h a l l  be a woven . s t a i n l e s s  

- .  atreak-kLre typo', capable  of removing 98% of a l l  s o l i d  p a r t i c u l a t e  con- 
t d - n a n t s .  in excess of 10 m i c r o y  and 100% i n  excess  of 25 microns. , The 
fFXcr . f low a r e a -  s h a l l . b e  a minimum of 10 times t h e  flow areti of the;" 
uaI%te seat r e s t r i c t i o n  and s h a l l  be optimized t o  provide  low p r e s s u r e  

, . : . *  . .. 
' *  . . .  " - .  

. > . .  
. . .  

. .  
- .  . 

A- 

. . -  d ~ @  ::and adequate.. r e s i s t a n c e  t o  c logging .  

3 3 2 6  I EI.&atmer.  S t a b i l i z a t i o n '  I . . . . .  
. .  ..  . . 

- . -  . _  __-I_- * Ah1 : r egu la to r  - s e a t s  and s e a l s  s h a l l  be s t a b i l i z e d  t o  reduce v a r i a t i o n  
.. . . : in:settings. and o p e r a t i n g  c h a r a c t e r i s t i c s  under a l l  environments,  by _. .  . . . .  --c-. . . . sub-Jqcting t h e  v a l v e  s e a r s  t o  a maximumworking p r e s s u r e  a t  a tempera ture  

' . ;. . .  * '  - .  equal :to. ur.  %n excess  of 4OO0P. The time d u r o t i o n  s h a l l  be determined ' 
. by.the m a t e r i a l s .  used and t h e  a p p l i c a t i o n  i n  t h e  p a r t i c u l a r  va lve  des ign .  - .  . .  . _ I  . - - '  '--'TKe %endor. a h a l l .  submit d o c u m n t a t i o n  o u t l i n i n g  h i s  a m t e r i a l  and pro- 
cahres.: 

. .  
3Lizi:Z Adjustment. Prbsdsiona . .  . 

TKe r e g u l d t e d  o u t l e t  p r e s s u r e  s h a l l  be a d j u s t a b l e  v i t h i n  t he  range  of 
IIito. 25..psig: A mwhan icn l  ad jus tment  f e a t u r e  s h a l l  be inco rpora t ed  
i n t a  t h e  r e g u l a t o r .  des ign  t o  accomplish t h i s  ad jus tment .  
that more t h a n  one sp r ing  i s  r equ i r ed  t o  provide  a d j u s t a b i l i t y  overj . the 
fuU: ximge, any-- s p e c i a l  t o o l s  and procedures  f o r  s p r i n g  changing ana.' '.... 
adjsratmcnt s h a l l .  be. provided w i t h  t h e  r e g u l a t o r .  

.. - .  I n  t h e  event., ': 

. .  
, <  - . . .  .. . .- I . - .  

. 3:.1;8f Weirght . 

TKexregtrlator: webght' s h a l l  n o t  exceed 0 .5  pounds. . ..a . .. .:-..- 322: MAterfa l s  p d , F i n i - s h e s  *y:; ;*.: .:. 
.-::.; :: *~ 

:;;:.*; -:" 

... 
?I:-.- . 3 22 21 : Ma tr2ld8l.8. 

Urikeaa: x%hxwiser s p e c i f i e d  h e r e i n ,  t h e  ' regul .a tor  s h a l l  be cons t ruc t ed  of 
mate.r:kal-S: s e l e c t e d .  i n  accordance w i t h  M ~ L - I T D - ~ ~ ~ ,  

. .  . .. 
. .  . ,  .* . 

32LL.:L :Me ta l s  - bletal  p a r t s  s h a l l  be i n h e r e n t l y  c o r r o s i o n  r e s i s t e n t  
o r - s h a l l  be p r o t e c t e d  a g a i n s t  c o r r o s i o n  by means of chemical 
or e l e c t r o l y t i c  f i n i s h e s  and t r e a t m e n t s ,  o r  a combination 
t h e r e o f .  .. i.. ..: 

. .  
3.'2.1.2 D i s s i m i l a r  Meta ls  - Contac t  between d i s sLmi la r  meta ls  a8 . :  

def ined  by M i l i t a r y  S tandard  MS 33586 s h a l l  be avoided. Where 
i t  is necessa ry  t h a t  d i s s i m i l a r  meta ls  be assembled i n  in t ima te  
c o n t a c t  w i t h  each  o t h e r ,  a n  i n t e r p o s i n g  insul ,a t ing o r  mutually 
compat ib le  m a t e r i a l  s h a l l  be used. 4 

A -4 B 
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3.P.l.3 :Fuhp;us R e f i i s t a 2  .. N a t e r i a l s  s h a l l  be  t r e a t e d  by an approved 
method t o  resist fungus growth i n s o f a r  a s  p r a c t i c a l .  

' i .  
3 3.2 F Erhhc s. . 

A ~ l l Z i n i s h e s  s h a l l  conform t o  the requirements  of SpecFf i co t ion  118A160C. 

3223. I L&ricant-s. 

Ulil-e'ss o the rwiee  au tho r i zed  by t h e  customer,  no l u b r i c a t i n g  o i l s  o r  
g r p i s e s . s h a l l . b e  used i n  t h e  r e g u l a t o r .  

Akl: kh reads .  s h a l l  be i n  accordance w i t h  MIL-S-7742. 

39.3 S&ew Thread Locking Devices 

i 

ALT th readed  p a r t s  s h a l l  be p o s i t i v e l y  locked by s a f e t y  wire o r  d t h e r  
approved methods. 
i n s t a l l e d  i n -  accordance w i t h  s t anda rd  MS 33540. 

Sa fe ty  w i r e  s h a l l  conform t o  s tandard MS 20995 and be I 
I 

33.16 < Ag'ehScnsitive Elastomeric  M a t e r i a l s  

TtCe-provisions and requirements  of ANA B u l l e t i n  438B s h a l l  apply Eor a l l  
e l a s tomer i c  m a t e r i a l s  used i n  t h e  c o n s t r u c t i o n  and assembly of t h e  system. 
A x e c o r d  s h a l l  be maintained o f  cu re  d a t e s  and assembly d o t e s  of each 
assembly o r  subassembly which s h a l l  be p a r t  of t h e  completed system and 
cosrtain(s) e l a s tomer i c  mater ia  1s. I 

. 

3 2.7. - Iriser t s .  

TKireads i n  s o f t  metals ,  such as aluminum a l l o y s ,  f o r  b o l t s  and screws, 
having a th read  diameter  of less than  0.75 inch and s u b j e c t  t o  removal 
f o i t r o u t i n e  maintenance, t e s t i n g ,  o r  mounting purposes ,  s h a l l  be provided 
whth co r ros ion  r e s i s t a n t  s tee l  i n s e r t s .  I n s e r t s  s h a l l  not  p r o j e c t  above 
tk mating su r faces .  Wire wound i n s e r t s  s h a l l  no t  be i n s e r t e d  more than 
1.75' t u r n s  below the  mating s u r f a c e .  A l l  o t h e r  t ypes  s h a l l  not be in -  
s e e d  more than  one turn below t h e  mating su r face .  

Pr?misions f o r  mountings s h a l l  be in accordance w i t h  General E l e c t r i c  
Drfaawing SVS 47D21211-l. 

33!,:9. i Coinpst ibi l i ty  

A l l  m a t e r i a l s  and f i n i s h e d  used i n  t h e  c o n s t r u c t i o n  of t h e  r e g u l a t o r  
shall. be  compatible  f o r  l ong  term exposure t o  t h e  fol lowing test  media 
and c l e a n i n g  f l u i d s :  

I 

1 

! 

a.: argon 
b. n i t r o g e n  
c. hel ium 

. d. hydrogen 
e.- anmionia 
f .-< hydraz ine  

A-5 
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g. w a t e r  
h. 
i. methyl a l c o h o l  

k. methyl e t h y l  ke tone  

e t h y l e n e  oxide  ( e x t e r n a l  s u r f a c e s  on ly )  . .  
: - . j. ' ace tone  

* 
I 

* 
(. 

. .  
3.3 Pcrformancc . -  

The r e g u l a t o r  o h a l l  be capable  of  t h e  fo l lowing  perforfiance be fo re  and a f t e r  
. . exposure  t o  t h e  c o n d i t i o n s  s p e c i f i e d  i n  paragraph 3.4.2 and w h i l e  exposed to 

*. . 

- t h e  c o n d i t i o n e  s p e c i f i e d  i n  paragraph 3.4.1. 

. . .  . .  . .  
. . .  . . '  . * . ' :  .' . . 

. . . . .  
. . . .  . .  

. .  . .  
b .. . . .  . . . .  . . .  - -.:.* ~ . . .  . 

a .  . 
. . .  . .  . . . .  

. . .  . . .  . .  
8 .  : 

. . . .  

. .  . .  

. .  
I . .  

. .  
. . .  . . .  383.2' . . .  . . .  . .  . -  
: . 

Opera t ing  F l u i d  

The o p e r a t i n g  f l u i d  s h a l l  be hydraz ine  decompooition'produets i nc lud ing  
d i a s o c i n t e d  and und i s soc ia t ed  a m o n i a  gas .  

3.3.1.1 
- 

Opera t ing  F l u i d  Temperature - The t empera ture  of t h e  o p e r a t i n g  .. 
.. -. ,. f l u i d  may vary between I-30 and 4-400'F. 

3.3.1.2.  Tes t  F l u i d s  - The tes t  f l u i d  used du r ing  component and system 
: . F = - 

3.3.1.3 

' -  t e s t i n g  shal.l' be gaseous n i t rogen .  

u d  P u r i t y  - When us ing  n i t r o g e n  a s  a tes t  f l u i d ,  t h e  f l u i d  

hydro carbon c o n t e n t s  s h a l l  be allowed i n  t h e  tes t  f l u i d .  The 
f l u i d  s h a l l  be f i l t e r e d  through a 0.45 micron aboo lu tc  f i l t e r  

. *-:.!;* 

- -  - . .  

.... . - *  . . .  s h a l l  be d r i e d  t o  a dew p o i n t  of -lOO°F or  lower. No o i l  ' o r  

. .  p r i o r  t o  e n t e r i n g  the  r e g u l a t o r ,  . ,. :. 
% 

..... . -. 
_. . 

Pre  8 s u r e  

3.3.2.1 I n l e t  P res su re  - Xnlet p re seu re  t o  t h e  r e g u l a t o r  w i l l  vary  from 

.: - .  50 t o  200 p s i g .  ... . " .  . .  . .  . .  . .: . .  3.3.2.2 _Outlet P res su re  - The des ign  of t h e  r e g u l a t o r  s h a l l  be s u c h ' t h a t  
.-. . . t h e  o u t l e t  p r e s s u r e  s e t t i n g  can  be r e a d i l y  a d j u s t e d  i n  t h e  . ' . 

. .  . . .  3.3.2.3 

range of from 15 t o  25 p s i g  by e i t h e r  t h e  vendor o r  t h e  customer. 

P r e s s u r e  Regula t ion  - The r e g u l a t o r  must o e r a t e  ove r  a n - e n v i -  

range of  4-30 t o  4-40O0F. For any o u t l e t  p re s su re  s e t t i n g  between 
15 and 25 p s i g ,  no more than  k . 4  p s i  v a r i a t i o n  i n  ou tpu t  p r e s -  
eu re  s h a l l  occur  over  an  i n l e t  p r e s s u r e  ranga of 50 t o  200 p s i g ,  
and Elowrates from 1500 t o  96,000 scc/min GN2.  ' A s  a d e s i g n  g o a l ,  
t h e  o u t p u t  p re seu re  v a r i a t i o n  s h a l l  be no more than  $. .2 p s i  - - 
f o r  t h e s e  o p e r a t i n g  c o n d i t i o n s .  
the tempera ture  range of -14'F t o  +167'F may be g r e a t e r  t h a n  

. .  . .  . .  
. .  - .- . - ........ . - .. --_-.-. . . .  

. :  

. .  ronmental t empera ture  range of  -14 t o  +167 g F and gas temperaFure 
. .  

. .  _ .  
'. " .. . : 

. . . . .  
! . . .  .. 
. .  

. . . . . . . .  ; 

. - . .  ' 

Regula t ion  t o l e r a n c e  o u t s i d e  

. . .  i 2 -4 psi. 
, . 8.. .. . :.., 

. . _ .  

. .  I .  

* 1 .. 1 $.3.2.4 Lockup P res su re  - For any ou tpu t  p r e s s u r e  s e t t i n g ,  n o t  more 
. ,  . .  ! .  

. t han  2 .1 p s i  a d d i t i o n a l  downotream preeeure  u n c e r t a i n t y  s h a l l  
acarua.when t h e  f l o w  i s  atoppod end tho r e g u l a t o r  locked up. . . .  

t 
Total  pressure t o l e r a n c e  at: lockup i n  2 .5 p s i  about t h e  nominal 
ee t t i n g  . . . .  I -.... . ' I  . .. 40. 

A-6 
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3.3.2.5 Design P res su re  - The r e g u l a t o r  s h a l l  be designed f o r  maximum 
i n l e t  and o u t l e t  o p e r a t i n g  p res su res  of 200 p s i g  and 60 ps ig  
r e s p e c t i v e l y .  

Proof P res su re  - The r e g u l a t o r  s h a l l  be capable  of wi ths tanding  
a proof p re s su re  1 . 5  t imes t h e  des ign  p res su re  wi thout  s u s t a i n -  
i n g  any damage o r  degrada t ion  of performance i n  accordance w i t h  
NIL-P-5518. The proof p re s su re  c a p a b i l i t y  i s  app l i cab le  f o r  
a l l  i nd iv idua l  tes ts  o r  any combination of tests t abu la t ed  
below: 

3.3.2.6.1 

3.3.2.6 

Proof p re s su re  of 300 p s i g  app l i ed  a t  i n l e t  f i t t i n g  
w i t h  o u t l e t  f i t t i n g  capped. 

3 .3 .2 .6 .2 Proof p re s su re  of 90 p s i g  app l i ed  t o  t h e  o u t l e t  
f i t t i n g  . 

3.3.2.7 B u r s t  Pressure  - The r e g u l a t o r  s h a l l  be designed t o  w i t h s t i n d  
a pres su re  2.2 times t h e  des ign  p res su re  wi thout  r u p t u r e  of 
i n t e r n a l  or e x t e r n a l  p a r t s  i n  accordance wLth HfL-P-5518. 

3.3.3 Plow Rate  

The r e g u l a t o r  s h a l l  be capable  of handl ing  flow r a t e s  w i t h i n  t h e  range 
of 1500 t o  96,00Osc/min of t h e  t es t  f l u i d .  

a 
3.3.4 Response Time 

With t h e  r e g u l a t o r  i n  t h e  lockup cond i t ion ,  i t  s h a l l  t ake  no more than  
1 second t o  e s t a b l i s h  flow and r e g u l a t e  p re s su re  wi th in  s p e c i f i e d  l imi t s  
from t h e  time a quick ope ra t ing  va lve  downstream of the  c u t l e t  port  i s  
i s  f u l l y  opened. 
from flow t o  lockup p res su re  w i t h i n  s p e c i f i e d  l i m i t s  from t h e  t i n e  the  

It s h a l l  t ake  no more than  100 mi l l i seconds  t o  change 

quick  ope ra t ing  va lve  i s  f u l l y  c losed .  i 

3.3.5 Leakage 

Ex te rna l  leakage s h a l l  no t  exceed .05 Xcclhr  helium a t  any ope ra t ing  
' . i n l e t  p re s su re .  I n t e r n a l  leakage s h a l l  n o t  exceed 2 s cc /h r  hel ium. 

i 
I 

3.4 Se rv ice  Condit ions 

The r e g u l a t o r  s h a l l  be  capable  of s a t i s f a c t o r y  ope ra t ion  under any of the 
c o n d i t i o n s  s p e c i f i e d  i n  3 .4 .1  a f t e r  exposure t o  any o f  t h e  cond i t ions  q e c i f i e d  
i n  3 .4 .2 .  

3 .4 .1  Operat ing 
I 

;. ; : . I.. .. : ....*. - :. . ..._. ++.cI .. -.,I. L . ?.... . 

The r e g u l a t o r  s h a l l  be capable  of s a t i s f a c t o r y  ope ra t ion  and performance 
wh i l e  exposed t o  any of t h e  fo l lowing  cond i t ions  o r  any n a t u r a l  combi- 
n a t i o n  of  t h e s e  cond i t ions .  
3.4.1.1 Temperature - The r e g u l a t o r  s h a l l  perform wi th in  s p e c i f i c a t i o n  

performance a t  temperatures  between -14 fr +167"F. 
must wi ths tand  temperatures  between -100 & +400°F but  nced no t  
ope ra t e  w i t h i n  s p e c i f i c a t i o n  l i m i t s  over  the wider  temperature  
band. 

The r e g u l a t o r  

3.4.1.2 Al t i t ude  - A reduced a i r  p re s su re  range of from t o  - nun Hg. A-7 
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3 ,L.cI. €?on-Opera t i n g  

The- regu la to r  s h a l l  be  capab le  of s a t i s f a c t o r y  ope ra t ion  a f t e r  cxposurc 
to:any of t h e  fo l lowing  cond i t iono  o r  any n a t u r a l  combination of t h e s e  
cond i t ions .  

3.6.2.1 Vibra t ion  

3 ; 4 , 2 . 1 . 2  Low Frequency (Sinusoidal)  - ? 1.5 inches  d i sp lace -  
ment from 1.0 to 4 .4  c p s ,  and 2 . 1  g rms from 4 .4  t o  
15 c p s  i t 1  each of t h r e e  or thogonal  axes.  Thc sweep 
from 10 t o  15 c p s  s h a l l  r e q u i r e  1.S minutes and s h a l l  
be  r epea ted  twice.  Resonances s h a l l  not  be dwelt 
upon. 

Complex Wave - This  tes t  s h a l l  be performed i n  each 
o f  t h r e e  o r thogona l  axes.  

3.4.2.1.2 

.~ 
3.4.2.1.2.1 Noise 

- .  0.2 g2/cps from 300 t o  1000 cps  w i t h  a 
6 db pe r  oc t ave  r o l l - o f f  from 300 t o  
20 c p s ,  and a 24 db per octave r o l l - o f f  
below 30 and above 2000 cps f o r  t h r e e  
minutes.  

3.4.2.1.2.2 White Gaussian Noise 

- .  

5 .0  g rms,  band l imi t ed  between 1 5  and 
2000 c p s ,  plus:  

a. A 2.0 g r m s  s inuso id  superimposed 
on t h e  n o i s e  between 15 and .40  cps.  

b. A 9.0 g r m s  s inuso id  supeririposed 
on t h e  n o i s e  between 40 and 250 cps.  

A 4.5 g rms s inuso id  superiinposed 
on t h e  n o i s e  between 250 arid 2000 
cps .  

c. 

The frequency of the s inuso id  s h a l l  be 
swept from 15 t o  2000 cps and back  t o  
15 cpe i n  a t o t a l  time of 10 m i n u t e s ,  
a t  a r a t e  i n c r e a s i n g  d i r e c t l y  w:.th 
frequency. ! 

3.4.2.2 Shock - The r e g u l a t o r  s h a l l  be designed t o  wi ths t and  f i v e ,  
200g, 0.7 0.2 ms, t e rmina l  peak sawtooth shocks i n  ench of 
t h r e e  or thogonal  axes.  

3.5 Desip,n ]iilc 

Over a 600-day pe r iod  and i n  t h e  environment s p e c t r i e d  h e r e i n ,  t h e  re tilator 
s h a l l  meet a l l  requirements  during and a f t e r  2 x 10 c y c l r s .  A 
c y c l e  i s  de f ined  a s  a t h r e e - s t e p  sequence. With i n l c t  p re s su rc  befnp, maintnincd 

6: 
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w W r L n  - s p e c i f i e d  l i m i t s ,  t h e  o u t l e t  p r e s s u r e  set  f o r  one p a r t i c u l a r  v a l u e  with-  
%ri*eIm r a n g e  s p e c i f i e d ,  t h e  r e g u l a t o r  i s  f i r s t  i n  t h e  lockup (no flow) condi t io , i  

opjrzrting v a l v e  opens r e q u i r i n g  t h e  r e g u l a t o r  t o  r e g u l a t e  p r e s s u r e  w h i l e  flow- 
ing,:.. The t h i r d a n d  i i n a l  s t e p  i n  t h e  c y c l e  r e t u r n s  t h e  r e g u l a t o r  t o  t h e  l o c k u p  
c d i k i o n  as. t h e  q u i c k  o p e r a t i n g  downstream v a l v e  shuts .  

, a a  .p xeswllr v f -  a downstream va lve  being shut .  Second, t h e  downstream quick 

3C6 < CYemlinc-ss- 

I6 :orrder to. meet t h e  s t r i n g e n t  leakage ,  l i f e ,  and environment requirements  of 
t h r r q u l a t o r  a p p l i c a t i o n ,  i t  is necessary t h a t  t h e  utmost: c a r e  bc taken t o  
a m e  tha t  t h e  assembly is f r e e  from a c t u a l  o r  i n c i p i e n t  contaminat ion,  Opera- 

pkikhed i n  an a r e a  e q u i v a l e n t  t o  a c l e a n  room. The procedures ,  methods, and 
o p r a t i o n s  l i s t e d  below s h a l l  s e r v e  a 5  a guide  i n  achieving t h e  c l e a n l i n e s s  
requirements  d e l i n e a t e d  i n  Paragraph 3 . 6 . 4 .  

. t h s  i n  paragraphs  3.6.1 through 3.6.5 and 3.6.7 through 3 . 6 . 9  s h a l l  be accom- 

3.:6..~1, . P a r t  Degreasing 

A f t e r  a l l  F a b r i c a t i o n  and t e s t  processes  (except f i n a l  assembly) have 
b e m  completed,  t h e  p a r t s  which comprise t h e  f i n a l  assembly s h a l l  be 
thmoughly  degreased. The p a r t s  s h a l l  be inspec ted  under a n  u l t r a  
vkolei: lonip, 2500 t o  3700 nngstroms wave l e n g t h ,  t o  v e r i f y  t h a t  t h i s  
c o n d i t i o n  h a s  been a t t a i n e d .  T h e r e a f t e r ,  t h e  p a r t s  s h a l l  be s t o r e d  i n  
p l a s t i c  bags,  o r  o t h e r  c o n t a i n e r s ,  which are e q u a l l y  c l e a n ,  u n t i l  ready 
for- assembly. 

331.~2. Z Temporary P a r t s  

T e - i o r a r y  p a r t s  such a s  p o r t  c l o s u r e s ,  sh ipping  bags,  e t c . ,  s h a l l  be 
cleaned t o  the same l e v e l  and by t h e  seine procedures  a s  t h e  p a r t s  used 
i x t h e .  asuembly i t s e l f .  

Pr-mr- t o  assembly and a f t e r  f a b r i c a t i o n  processes  have been completed,  
all. p a r t s  which comprise t h e  f i n a l  assembly s h a l l  be c r i t i c a l l y  examined 
t o - a s s u r e  freedom from b u r r s ,  f e a t h e r  edges,  a t t a c h e d  s l i v e r s ,  07 any 
o t h e r .  s i m i l a r  type  p a r t i c l e s ,  which could subsequent ly  become d i i lodged .  
THe examination s h a l l  a l s o  inc lude  a c a r e f u l  check of p l a t i n g s ,  c o a t i n g s ,  
o r  o t h e r  f i n i s h e s  t o  a s s u r e  t h a t  a s a t i s f a c t o r y  bond e x i s t s  and t h a t  
t h E r e  is .no danger o f  f l a k i n g ,  p e e l i n g ,  o r  o t h e r  contaminat ion hazard.  

3 Ai,.& - Assemb-ly, Cleaning 

Iminediotely p r i o r  t o  t h e  assembly opera t fon ,  a l l  p a r t s  which c o n s t i t u t e  
thp- f i n a l  assembly ( i n c l u d i n g  sh ipping  covers ,  p o r t  c l o s u r e s ,  sh tpping  
bags, e tc . )  s h a l l  be thouroughly clcnned u s i n g  procedures  and cquip- 
m e n t  which w i l l  p rovide  an assembly which i s  c l e a n  t o  t h e  leve l  s p t - c i f i e d  
here in .  The gases  and l i q u i d s  used i n  t h i s  process  s h a l l  have been 
passed ,  f i n a l l y ,  through a .4S micron a b s o l u t e  f i l t e r .  The c leaning  
equipment sh r i l l  be so arranged t h a t  contaminat ion cannot Ret i n t o  t h e  
immediate a r e a  of t h e  p a r t s  being cleaned.  Assemhly o r  o t h e r  tools 
which w i l l  come i n  c o n t a c t  wi th  t h e  p a r t s  bcing assembled s h a l l  be 
c leaned  t o  t h e  same l e v e l  as t h e  p a r t s ,  
t h e  f i n a l  r inse s o l u t i o n  c o n t a i n s  no more than  t h e  numbcr of p a r t i c l e s  

T h e  parto  s h a l l  bc cleaned u n t i l  

A-9 
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.._ - ~ ~ shdm.-below p e r  100 ML of s o l u t i o n  f i l t e r e d  through 'a s tandard  HA m i l l i -  
-. pqre: f i l t e r .  ...... 

I -: 
~ _ _ -  . -. - _ _ _  

P&?rt-Fclc S i z e ,  Microns 

0-25 I_--d _ _  

A-1-0 

- .  - -. . , _ .  25. 

... . .  
_ .  . Maximum Number P a r t i c l e s  

H e t a l l i c  Non-Metallic (max. d i a . 1  

No Requirement 

None Allowable 
- .  
L : . _._ . 

Th3re: s h a l l  be no v i s i b l e  r e f l e c t f v i t y  of hydrocarbons. p e r  b lack  l i g h t  - -  
. . .  . .  

7 . . . .  . .  - .. C . . _  inSpect ion.  . .  

. 3  . . . .  ;5..3. i Assembly . _ , _ . _  ~. . ,, .. - . . . . . . . . .  
. -  . . . .  

Assembly techniques  which minimize gene ra t ion  o f  p a r t i c l e s  s h a l l  be used. 
Where t h e  assembly i s  composed, o r  can be composed, of  one o r .  more sub- 
assembl ies ,  t h e s e  sub-assemblies s h a l l  be cleaned i n  accordance with 

.P;iragraph 3.6.4. 
. sub-assemblies  con ta in  no r e s i d u a l  c l eane r ,  e i ther  as a l i q u i d  o r  a s  a 

.,.so3id: r e s idue ,  Handling of p a r t s  s h a l l  be accomplished only throrigh 
. t h e  u s e  of c l e a n  rubber  gloves and tweez'ers, o r  o t h e r  assembly t0016, 

. I  

P recaut ions  s h a l l  be taken t o  a s su re  t h a t  t h e  p:!rts and 

a .  . c leaned .  i n  accordance wi th  3.6.4 above. . . .  _ -  . _  . . .  . . .  
. .  

3.16A Te3 t ing  
. ,  . .  . - 

T k e . c l e a n l i n e s s  l e v e l  of t h e  assembly s h a l l  be p ro tec t ed  a t  a l l  times 

. t e c t e d  by e x t e r n a l  f i l t e r s  having a 10 micron o r  lower abso lu te  r a t i n g ,  
c leaned  i n  accordance w i t h  3 . 6 . 4 .  
to- t h e  assembly, t h e  in t e rmed ia t e  f i t t i n g s  used s h a l l  be cleaned t o  t h c  

app l i ed .  t o  t h e  assembly in  an a rea  equiva len t  t o  a Class 100 c l ean  room 

. -du r ing  t h e  t e s t i n g  ope ra t ion .  The i n l e t  o f  t h e  assembly s h a l l  be pro-  

I f  f i l t e r s  cannot be d i r e c t l y  a t tached  

.same c l e a n l i n e s s  level as t h e  assembly p a r t s .  The f i l t e r s  s h a l l  oc 

.area;and s h a l l  no t  be removed u n t i l  t e s t i n g  has  been completed. Re-  

.mova-l- s h a l l  a l s o  t a k e  p l a c e  under the  same cond i t ions .  

.Dt&ing t e s t i n g ,  any o t h e r  p recau t ions  necessary  t o  a s s u r e  t h a t  t h e  
. assembly w i l l  remain c l ean ,  s h a l l  be incorpora ted  i n t o  t h e  test  procedurc. 

. .  . _  

3.:6.,.7 - E x t e r i o r  Cleaning, 

A t  t h e  completion of t e s t i n g ,  bu t  p r i o r  t o  t h e  removal of e x t e r n a l  
f i l t e r s ,  t h e  assembly s h a l l  be cleaned e x t e r n a l l y  us ing  t h e  methods and . \  \ -  

. . . .  measurements of  3.6.4.  . .  

3.Xi.8. i FLnA: Cleaning 

At: t h e  t i m e  t h e  p r o t e c t i v e  f i l t e r s  a r e  removed from t h e  assembly, f i n a l  
f l u s h i n g  and packaging s h a l l  be performed, F lush ing  s h a l l  be accom- 
pl-ishcd by f lowing through t h e  assembly wi th  a l i q u i d  so lven t  o r  gaseous 
f l u i d  which is compatible  wi.th t h e  assembly m a t e r i a l s  and il f lu sh lng  
ra te  which s h a l l  be approved. T h e  f lu sh ing  time s h a l l  be s u f f i c i e n t  t o  
a s s u r e  t h a t  a l l  su r f aces  hnve been ndrquatc ly  exposed t o  tlic clcn:iitig 
ac t ion .  The f l u s h  f l u i d ,  before  .rntrrink; L ~ L '  ussc*inl>ly s l i n l l  bt r ~ l i t ~ r d  
to R .45 micron ahvolu tc  I cvc i .  
count does not  exceed t h a t  s p e c i f i e d  in 3 . 6 . 4 .  

Flus i i i i iR  w i l . 1  r o n t i n c  u n t i l  t h c  pn r t i c l t .  

P 
if 
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P F m t L o n s  :shall-  b e  taken t o  a s s u r e  t h a t  t h e  assembly c o n t a i n s  no r c s i -  
dwak:ckenaer,- e i t h e r  a s  a s o l i d ,  l i q u i d ,  r e s i d u e  f i l m ,  o r  gas.  A t  t h e  
sema:time - t h a t  + l y e  r e g u l a t o r  i s  r ece iv ing  i t s  f i n a l  c l ean ing ,  t h c  pack- 
ag&g-equipment s h a l l  be cleaned t o  t h e  same o r  b e t t e r  c l e a n l i n e s s  l e v e l .  

T5e:port  closures s h a l l  be covered with p lnsL ic  wrap, secured w i t h  nylon 
ccrrd:or tape. If t a p e  i s  used, i t  s h a l l  n o t  C O I ~ P  i n  con tac t  w i th  t h e  
port: : threads.  P l a s t i c  and m e t a l l i c  cnps A r e  s p e c i f i c a l l y  p r o h i b i t r d .  

d u a l  
. T h e . r e g u l a t o r  assembly s h a l l  be placed i n  s e a l e d  cleaned p l a s t i c  bags 

(Qr -equ iva len t )  c leaned t o  t h e  requirements of paragraph 3 . 6 . 4 .  The bags 
sha l l  be s u i t a b l y  wrapped with p r o t e c t i v e  m a t e r i a l  t o  prevent  punctur ing,  
a d g l a c e d  i n  i t s  s h i p p i n g  box. 
in-one s h i p p i n g  c o n t a i n e r ,  provided adequate  p recau t ions  a r c  talcen t o  
protect- a g a i n s t  damage t o  the, assemblies and to t h e  s e a l e d  p l a s t i c  bags.  

More than one r e g u l a t o r  may be placed 

35 7 - D6cumen t at- ion __ 

Thecvendor : s h a l l  have o a  P i l e  t h e  fol lowing documentation: 

312;l; C I e a n l i n e s s  P I a n  

The :implementation o f  a p l a n  t o  maintain s a t i s f a c t o r y  contamination 
levells :in accordance with paragraph 3 . 6  i nc lud ing  c l ean ing  of d e t a i l  
parks;  sub-assemblies ,  and assemblies ,  and a p p r o p r i a t e  tes ts  t o  v e r i f y  
atzceptable c l e a n l i n e s s  of t h e  de l ive red  component. 

3;'1,2 In-PFocess Q u a l i t y  P1-m 

Tlie-xendor s h a l l  have an In-Process  Qua l i ty  P lan  p r i o r  t o  t h e  s t a r t  of 
fa lsrfcat ion of prime hardware. T h i s  p l a n  s h a l l  c o n s i s t  of t h e  procedures 
u t i l i z e d  i n  r e c r i v i n g  i n s p e c t i o n  ( inc lud ing  santpling p l a n s ) ,  a f a t r i c a t i o n  
bfack.diagram i n c l u d i n g  in-process  in spec t ion  tes t  p o i n t s  and o v e r a l l  
canfigur at ion con t ro  1 requ i r  emeiit s . 

3 ; i ! ;  3 I Drawings 

A ; r q l - e c e s e t  of- a l l  assembly and d e t a i l  p a r t s  drawings €or the compo- 
nent . i n  accordance with t h e  requirements of MIL-D-70327, Class 2 Drawings. 

3 I l i 4 . -  T e s E  :Procedures . 

Th-e xerrdur - test  pl-an €or acceptance t e s t i n g ,  i nc lud ing  tes t  procedures ,  
equipment, data.  to be ob ta ined ,  d a t a  s h e e t s ,  e tc . ,  s h a l l  be prepared and 
submttted A n  accordance wi th  paragraph 4 . 6 .  

3 17 ; 5 J L0.g .Book 

h.carnponcnt l o g  book i n  accordance with paragraph 4.5 

3 . 7 ; 6  F a t l u r e s  

The customer s h a l l  be n o t i f i e d  of a l l  r e g u i a t o r  tikt f a i l u r e s ,  and the 
t e s t  discont inued pending customer d i r e c t  ion.  

A-11 
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&O? Qital i tp  Assurance P rov i s ions  
\ 

Tooinsure  . s a t t s f a c t a r y  q u a l i t y  and compliance wi th  t h e  requirements of  Sec t ion  3 of 
thY&fspec f fPca t ion ,  each r e g u l a t o r  s h a l l  be sub jec t ed  t o  t h e  t e s t s  def ined  he re in .  

4611 GCass i f i ca t ion  of Tests 

T5e: inspec t ion  and t e s t i n g  of t h e  r e g u l a t o r  s h a l l  be c l a s s i f i e d  as fo l lows:  

4Cl;l; A&xptance Tests 

E%& r e g u l a t o r  s h a l l  be sub jec t ed  t o  t h e  acceptance t e s t s  descr ibed  
uader .paragraph  4.4.1 o f  t h i s  s p e c i f i c a t i o n .  These t e s t s  s h a l l  be 
wi thx i sed  by GE-SD personnel  u n l e s s  o therwise  s p e c i f i e d . .  

4622 Procedure-.In -Case of  Pal-lure 

XE lacf  a l l u r e ,  mal func t ion ,  o r  ou t -o f - to l e rance  performance occurs ,  t e s t i n g  
s h a l l  .immediately cease ,  pending a n a l y s i s  t o  determine t h e  reason  f o r  t h e  

- - .  f a t l u r e , .  I f  t h e  c o r r e c t i v e  a c t i o n  a f f e c t s  t h e  v a l i d i t y  of prev ious  t e s t :  
results,  such tests s h a l l  be repea ted .  

A 4 2 1  

4b3; 1. 

4 c 3 ; 2 :  

Ambient Conditions 

Unless o the rwise  s p e c i f i e d ,  t h e  t e s t  s h a l l  be performed under t h e  
fa l lowing  cond i t ions  : 

a i ,  Tbmperaturc: 70°F 2 15’F 
b i .  R e l a t i v e  Humidity: 90% o r  l e s s  
c c .  Barometric P res su re :  
d c L  A l t i t u d e :  

‘28 t o  32 inches  Hg 
25 t o  32 inches Kg 

Measurements and Tolerances  

ALL measurements s h a l l  be made wi th  ins t ruments  which a r e  p c r i o d i c a l l y  
cal- ibrated w i t h  s t anda rds  t r a c e a b l e  t o  t h e  Nat iona l  Bureau of Standards.  

Tes t ;  Methods.. - 
4+4,1: Acceptance T e s t s  

Adceptance t e s t i n g  s h a l l  be performed on t h e  r e g u l a t o r  a t  t h e  complc- 
t ton of r e g u l a t o r  assembly i n  t he  o r d e r  s p e c i f i e d .  

4L4,l.I : Visua l  and Mechanical I n s p e c t i o n  - Each r e g u l a t o r  s h a l l  be 
c a r e f u l l y  examined to  determine conformance wi th  app l i cab le  
drawings. Component s e r i a l  numbers s h a l l  be checked t o  a sce r -  
t a i n  whether l a b e l l e d  func t ions  a r e  c o r r e c t .  Component flow 
arxows s h a l l  be checked aga ins t  system schematic.  Each € i t l i n g  
s h a l l  be checked f o r  c o r r e c t  to rque  i n s t a l l a t i o n .  A l l  PX- 

t e r i o r  o u t l e t s  s h a l l  be capped a t  a l l  times c x r r p t  when ~isivl 
f o r  t e s t .  Any a u x i l i a r y  f i t t i n g s  o r  p l u ~ s  uscd d u r i n g  t c s t i n g  
s h a l l  be r r d  tagged and rc-movcd a t  t h c  conip1rLion o f  trsr ;itid 
i n  p r r p a r n t i o n  f o r  shipment. 

B 
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44&1;2T Crean l ines s  Ch-eck - Th-e r e g u l a t o r  c l e a n l i n e s s  l e v e l  s h a l t  be 
checked us tng  t h e  methods and measurements of  paragraph 3 . 6 . 4  
toLdetemine t h a t  t h e  p a r t i c l e  count does not  exceed t h a t  
s p e d  f Fed din parag raph  3.6.4. 

4&$&1;3: €'?oaf P r e s s u r e  T e s t  _- The r e g u l a t o r s ,  both upstream and down- 
s txeam p a r t s ,  s h a l l  be p r e s s u r i z e d  t o  t h a t  r equ i r ed  by para-  
gyaph 3.3-2 .5 .  u s i n g  t h e  test f l u i d  as s p e c i f i e d  i n  paragraph 
313;1,. Tfie p r e s s u r e  s h a l l  be maintained fo r  t e n  (LO) minutes.  
Tbere sha1L.be no degradat ion o f  component performance a s  a 
rewLt .of .the proof  p r e s s u r e  test. 

4i4r1;4L- E x t e r n a l  Leak T e s t  y Th& r e g u l a t o r  shall be s u b j e c t e d  t o  LI 

AihclFum-massspectrometer a h a l l  be used f o r  t h i s  t e s t .  
. s t a t i c  l e a k  tes t  t o  i n s u r e  compliance with paragraph 3.3.5. 

. .  4 i k i l I 4 . 1 1  f r i t e r n n l  Leak T e s t  - The r e g u l a t o r  s h a l l  be sub jec t ed  
taan i n t e r n a l  l eak  test t o  a s su re  compliance w i t h  
paragraph 3 . 3  . S a  

4i4,1;51 Gas FIow T e s t  - wi th -  t h e  r e g u l a t o r  i n l e t  p r e s s u r i z e d  apd the 
r e g u l e t a r  ad jus t ed  t o  t h e  va lues  found i n  Table  I ,  flow cliccks 
o f  .3O seconds d u r a t i o n  s h a l l  be conducted t o  i n s u r e  opera1 ion 
in-accardance wi th  paragraph 3.3 .2 .3  (Tes t  sequence ne?d n o t  
be as i n d i m t e d  i n T a b l e  I). 

to,200 p s i g  and o u t l e t  ad jus t ed  t o  25 p s i g ,  a check f o r  v a r i n -  
tion i n  o u t k t  p r e s s u r e  l e v e l  a t  a no-flow cond i t ion  

r e g u l a t o r  o u t l e t  ad jus t ed  t o  15 ps ig .  

464.1.7- Cycling T e s t  - The r e g u l a t o r  s h a l l  be sub jec t ed  t o  a s e r i e s  o f  

v a l v e  i n s t a l l e d  downstream of t h e  r e g u l a t o r .  Regulator i n l e t  
and o u t l e t  p r e s s u r e s  s h a l l  be as p e r  paragraph 3.3.2.1 and 
353i2.2, There s h a l l  be a minimum dura t ion  of two seconds 
between each cyc le ,  

4t4 .1 .2  s h a l L  be r e p e a t e d .  

464; 1.6 Lockup P res su re  - With t h e  r e g u l a t o r  i n l e t  p r e s s u r i z e d  

shnPL be mode. The t e s t  s h a l l  be repeated wi th  t h c  

10 ,000cyc le  tes ts .  These s h a l l  be conducted with a s h u t o f f  

.444,1.8- The tests. s p e c i f i e d  i n  paragraphs 4.4,1.4,  4.4.1.4.1, and 

Records &Reports 

A..record s h a l l  be maintained f o r  each s e r i a l i z e d  component p a r t  showing i n -  
s p e c t i o n s  and r e j e c t i o n s ,  p a r t s  r ep laced ,  and a l l  rework performed on any 
component p a r t ,  This r eco rd  s h e l l  Fnclude a h i s t o r y  of  malfunct ions,  r e j e c -  
t i o n s ,  a n d - q u a l i t y  c o n t r o l  problems encountered i n  any p i e c e  p a r t  o r  component 
p a r t ; .  In a d d i t i o n ,  t h e  r e suLt s  of  a l l  performance tests s h a l l  be noted €o r  
each component :par t .  

4s 6< T e s t .  P l ans  ~ 

A ' d e t a i l e d  t e s t  p l a n  s h a l l  be  prepared and submit ted t o  t h e  GE-SD P r o j e c t  
E n g i n e e r . i n . a  mininwm o f  t h i r t y  ( 3 0 )  doys p r i o r  t o  t h e  i n i t i a t i o n  of Acceptance 
tests. This  pian  s h a l l  i nc lude  a t e s t  se t -up  schematic,  a l i s t  of equipment 
t o  be used wi th  s p e c i f i e d  accuracy,  a s tep-by-step t e s t  procedure,  and t h e  d 
d a t a  s h e e t s  t o  be  used. Wr i t t en  approval of t h e  t es t  p l a n  i G  r equ i r ed  from 
t h e  GE-SD P r o j e c t  Engineer p r i o r  t o  s t a r t  of  t e s t i n g .  Subsequent changes t o  
these rest  procedures  or d a t a  s h e e t ( s )  s h a l l  a l s o  r e q u i r e  approval by t h e  GE- 
SD. P r o j e c t  Engineer p r f o r  t o  implementatton. A-13 
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55oC Preparation -for Delivery 

, 5 3 .  The requirements of 3 . 6  of this spec i f icat ion s h a l l  be complied with p r i o r  to 
dUv.ery, 

6fOC Nbtes 

6k1 DGfFnitions _ _  

a&.  Cltstomer - General E l e c t r i c  Company, Missilc! and Space Division. 
. I  
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INTRODUCTTON'AhQ ZEFERAL SCOPE OF WORK 

TKe efifrjst- d e s c r i b e d  h e r e i n  r e p r e s e n t s  t h e  agreed scope of work f o r  performance 
bF-Gencra1- E1Lectri-c under Modi f i ca t ion  Number One t o  JPL Con t rac t  Number 951968. 
TKe a c t i v i t y  is. D r i r n t e d  t o  t h e  f u r t h e r  development of a pneumatic r e g u l a t o r  i n -  
tended -for; xsc a s  p a r t  of a warm gas  d i s t r i b u t i o n  system p rev ious ly  developed and 
d c h o n s t r a t c d  .under t h e  i n i t i a l  c o n t r a c t  scope. 

The -genera1 scope- o f  work i n c l u d e s  a n a l y s i s  of t h e  e x i s t i n g  PJGDS r e g u l a t o r  
desLgn and d e l i n e a t i o n  of p o t e n t i a l l y  e f f e c t i v e  des ign  changes f o r  t h e  purpose o f  
improving r e g u l a t e d  p r e s s u r e  accu racy .  
each i n c o r p a r a t i n g  d e s i g n  f e a t u r e s  l d e n t i f i e d  i n  des ign  a n a l y s i s ,  w i l l  precede 
iunckional-,.  l i m i t e d .  environmental ,  and l i f e  t e s t i n g  t o  e v a l u a t e  r e g u l a t o r  performance. 

Procurement o f  two d i f f e r e n t  r e g u l a t o r s ,  

SCOPE OF CONTRACT- 

TKe fo-llDwing t a s k s  comprise t h e  requirements  f o r  t o t a l  completion o f  JPL 
C m . a c t r  9fl988, Modi f i ca t ion  One. 

2 3. : Regulator  Design Analysis  
_ _  - - 

GE/SS@ shall perform a s tudy  of t h e  e x i s t i n g  WGDS r e g u l a t o r  f o r  t h e  purpose 
of  . i d e n t i f y i n g  d e s i g n  t echn iques  which , i f  i nco rpora t ed  i n t o  t h e  r e g u l a t o r  , 
may improve p r e s s u r e  r e g u l a t i o n  accuracy.  The performance accuracy goa l  s h a l l  
b e  r e g u l a t i o n  w i t h i n  a 
ban& from 1 5  t o  25 PSIA f l o w r a t e s  t o  96,000 S C C M ,  i n l e t  p re s su re  range from 
5Q t o  200 PSIG, and an environmental  temperature  range from -14'F t o  +167'F. 
Degraded performance w i l l  be permit ted ove r  extended environmental  l i m i t s  of 
-1UCJOF to. +300°F. The d e s i g n  a n a l y s i s  s h a l l  i n c l u d e ,  b u t  no t  n e c e s s a r i l y  be 
liinited .to, c o n s i d e r a t i o n  o f  the  fo l lowing  des ign  t echn iques .  

. 2  P S I  accuracy band ove r  an a d j u s t a b l e  o u t l e t  p r e s s u r e  

Enlarged and smoothed flow pa ths  . 
Mddi f i ca t ions  t o  r e g u l a t o r  "gain". 
El-imination of dampers. 
RCduction i n  number of d e t a i l  p a r t s .  
Rgduction o f  number of O-r ing s e a l s .  
S i lmpl i i i ca t ions  t o  adjustment  p r o v i s i o n s .  
Reduction of use  o f  threaded p a r t s .  
Removal of s e n s i t i v i t y  t o  e x t e r n a l  t o r q u e s .  
I n k r e a s e  c l e a r a n c e  around h e l i c a l  s p r i n g .  
Op t imiza t ion  o f  h e l i c a l - b e l l e v i l l e  s p r i n g  r e l a t i o n s h i p .  

2 I2 - Regulator  Pr'ocurement _ _  

GE/SSDSlal l -  p rocure  two r e g u l a t o r s  of t h e  type i d e n t i f i e d  a s  optimum i n  
the d e s i g n  a n a l y s i s  e f f o r t .  One u n i t  s h a l l  be  ob ta ined  through mod i f i ca t ion  
of the e x i s t i n g  WGDS s p a r e  r e g u l a t o r .  The o t h e r  u n i t  s h a l l  be of t h e  "hard 
sezit'Cddesign t y p e  i n  o r d e r  t o  compare performance of t h i s  type a g a i n s t  t h e  . 
c u r r e n t  s o f t  s e a t  des ign .  

2.2,1 Eva lua t ion  of Design 

E v a l u a t i o n - o f  c a n d i d a t e  r e g u l a t o r  des igns  s h a l l  b e  by means of a p o i n t  r a t i n g  
system s i m i l a r  t o  t h a t  a t t a c h e d  as Appendix A .  A des ign  review s h a l l  be 
conducted f o r  JPL p r i o r  t o  r e l e a s e  of hardware des igns  f o r  f a b r i c a t i o n .  

€5-2 
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2.3 Regula t o r  T e s t i n g  

T e s t i n g  s h a l l  be performed on t h e  two r e g u l a t o r  d e s i g n s  inc lud ing  vendor 
development t e s t s  ( a s  r e q u i r e d  and i d e n t i f i e d  by the  vendor f o r  each r e g u l a t o r ) ,  
vendor accep tance  t e s t s ,  and GE l i f e  t e s t s .  Vendor acceptance tes t s  s h a i l  
be i n  accordance w i t h  Paragraph 4 . 4  o f  t h e  component s p e c i f i c a t i o n ,  SVS 7513, 
a t t a c h e d  h e r e t o  a s  Appendix B .  GE l i f e  t e s t i n g  of each r e g u l a t o r  s h a l l  be 
cod ucted i n  accordance w i t h  t h e  p r o v i s i o n s  of t h e  fol lowing paragraph. 

2.3.1 Regu la to r  LiEe T e s t i n g  

Regu la to r  l i f e  t e s t i n g  s h a l l  be performed by GE/SSO a f t e r  completion 
o f  vendor  acceptance t e s t s  and d e l i v e r y  of the  two regula t o r s  t o  G E .  
F u n c t i o n a l  t es t s  c o n s i s t i n g  of  flow regu la  t i o n ,  leakage , and contamina - 
t i o n  checks s h a l l  be r..m p r i o r  t o  i n i t i a t i o n  of l i f e  tes ts ,  and a f t e r  
100,000, 300,000, 500,000, 800,000 and 1,000,000 c y c l e s .  T o t a l  
d u r a t i o n  of t h e  l i f e  t e s t  s h a l l  be 1,000,000 c y c l e s  o r  t o  component 
f a i l u r e  , whichever s h a l l  occur f i r s t .  The r e g u l a t o r  o u t l e t  p r e s s u r e  s h a l l  
be a d j u s t e d  t o  a new se t  p o i n t  a f t e r  500,000 c y c l e s .  
2.3.1.1 F u n c t i o n a l  T e s t s  During L i f e  T e s t i n g  

F u n c t i o n a l  tes ts  w i l l  be performed a s  fol lows a t  t h e  i n t e r v a l s  
r e q u i r e d .  

2.3.1.1.1 Leakage - The r e g u l a t o r  w i l l  be mounted i n  a leakage 
box a s  shown i n  F igu re  One. Ex te rna l  leakage w i l l  be 
monitored by a mass spec t romete r  s ens ing  g a s  i n  t h e  
box. I n t e r n a l  leakage w i l l  be measured by p r e s s u r e  
r ise i n  a known volume. Temperature of t h e  downstream 
t u b i n g  w i l l  be monitored. A t  l e a s t  a two hour pe r iod  
w i l l  be a l l o c a t e d  f o r  i n t e r n a l  leakage s u r v e i l l a n c e .  

2.3.1.1.2 Flow and Regulat ion - The r e g u l a t o r  w i l l  be p r e s s u r i z e d  
to 50 and 200 PSIG a t  t he  i n l e t  p o r t  a s  shown i n  
F i g u r e  Two. The flow w i l l  be ad jus t ed  t o  96,000 s c c / n i n ,  
40,000 scc/min,  and 1,500 scc/min a t  each i n l e t  p r e s s u r e .  
Regulat ion accuracy , i n c l u d i n g  lockup e f f e c t  , w i l l  be 
t e s t e d .  

2.3.1.1.3 Contamination Check - The r e g u l a t o r  w i l l  be a d j u s t e d  t o  
96,000 scc/min flow w i t h  an i n l e t  p re s su re  of 200 PSIG 
and 10  c u b i c  f e e t  of d ry  f i l t e r e d  n i t r o g e n  gas passed 
through t h e  r e g u l a t o r  and through a .45 micron m i l l i p o r e  
f i l t e r .  The f i l t e r  w i l l  be examined fo r  evidence of  
p a r t i c l e s  l a r g e r  t han  25 microns.  

2.3.1.2 L i f e  T e s t  

The r e g u l a t o r  w i l l  be se t  up a s  p rev ious ly  shown i n  F igu re  
Two, excep t  t h a t  a so leno id  valve will r e p l a c e  the  downstream 
hand v a l v e  ( i t e m  7 i n  Figure Two). T k  solenoid v a l v e  w i l l  be 
l i nked  t o  an automatic  c y c l i n g  c i r c u i t  providing p u l s e s  t o  
o p e r a t e  the  solenoid v a l v e s .  I n  t h i s  manner.the r e g u l a t o r  w i l l  be 
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ra&red to- a l t e r n a t e l y  flow and lockup.  Cycl ing w i l l  be more 
raptd , than norma l ly  a s s o c i a t e d  w i t h  a s p a c e c r a f t  mission i n  
ordcir :to. re.d.ure program c o s t  and schedule .  

1 

224- Rkquired De l ive rkes -  

GEfSSO Isha11 : d e l i v e r  :tu- JPL-ZhE fo l lowing  dociimentation and hardware. 

2 2 4 ~ 1 :  P l o t o t y p e  Regu la to r s  

Bath': t es t  regu1a:tors. w i i l :  be de l ive red  t o  JPL a t  the conc lus ion  of 
t t z s t ing .  

224;2: Deawings 

FSxe-cap ie s  of vendvr  s u p p l i e d  envelope and cross s e c t i o n  drawings 
f6 r : each  r e g u l a t o r  w i l l  be supp l i ed  t o  JPL. 

2i4;3: Reports  

GEfSSfS s h a l l -  p rov ide  monthly c o s t  r e p o r t s  of a fonnat  and 
tcrra s c h e d u l e  mutual ly  agreed between the  GE and JPL Cont rac t  
Negqtia t o r s .  

214~3 . :21  T t k h n i c a l  Repor t s  

G E ' % h a l l  p r o v i d e  bimonthly t e c h n i c a l  l e t t e r  r e p o r t s  and a 
f i i r a l  r e p o r t  of a l l  work perforncd fo l lowing  complet ion of 
ttlsitirtg. 

225: Ptogram Schedule 

TEeTschedule f a r  campletion. o f  a l l  e f f o r t  under JPL Con t rac t  951988 i s  shown 
in- Figure  Three.  

P 

f .  
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11. He~ium-Prcesure-Source 
2;. Ptessure Gauge 0-300 psi, Hehe,: or equal. 
35. 5’u- f i l t e r  o r .  b e t t e r  . 
4.. . Pkeesure Gauge, 0-50 psi, Heise, or equivalent. 
5:. Leak Box Assembly 8243Rl36 
6C. Test .Specimen 
7 i .  Hand-VBlve 
8 t .  MassiSpectrometer :CEC$2b120: :or. Equivalent. 
92.  Temperature .Sensor : - .  ~ . ._. 

FICURE ONE . . . .  . .  

.. . 
. SEat-kc-Le‘akagc Schematic - ReRulator 

- -- 

”- 
I.&p,end 

1s 8 

2; ‘ 
3 i  t 
46, 
5: I 

6 ; .  
7;. 
8:. . 

NYtrogen -pre s sure a ource 
Preeaure gauge 0-300 psi, Heise ar equivalent. 
Flltcr - - 5  Micron absolute or better 
Leak Box Assembly - ,243R136 o r  equivalent,  
Teet .specimen 
Pressure gouge - -0-30 ‘pa i ,  Heiee or equivalent 
Iland vulvc 
k’lowmcLcr --Fisher 6 Porter .. -1.4 t o  7 . 2  scfm or cquiv. 

FIGUIU TWO 

Refiulotion PrcsRurc and Flow Schematic - Regulator 

t :  
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APPENDIX A 

PNELRIATIC REGULATOR TRADEOFF 

VENDOR : 

FEATURE- . 

1 .: 
2 ... 

i 3.: 

4 ..' 
5 .i 

. 6 .: 
7.- 

8 . i  

9 .. 
10:. 

11;. 

12, 

131.. 

14:.- 

15:.i 

16:. . 

Complexity 

Sljding Fits 

Dynamic - Sea 1s 

Seat-Configuration 

Contamination Susceptibility 

Cleanabil i ty 

Filter Size and Design 

Weight 

Sike 

Body Strength and Rigidity 

Sensing- Element: Seal 

Static Seals 

Relief Valve Design 

Material Selection 

Absence of Plating 

Proven Design 

WEIGHTING 
FACTOR 

5 .  

8 

8 

10 

5 

3 

8 

2 

2 

10 

5 

5 

10 

5 

3 

10 

POINTS 
(1 -10) TOTAL 
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APPENDIX C 



Work Statement i91.:3-053 
Date: 6 A u g r s t  68 

Re'action ;xi! IC ii:.t"Lon Equipment Engineering 



1;. GtFneral Scope 

T k b  Nork SEetxrnent d43fine.a: the tanks required to improve performance of 

C d t t l i t a n  rCdntrnlxi Priwmatic Regulator P/N 1992001- 17, two u n i l s  of which were 

p~mriaualy- dsUvercd. to.GEIMSD for use on the  Warm Gas Distribution System. 

ob@ct&ve oE%1w c u r r e n t  e f f o r t  i s  t o  bring the regulator into compliance with 

The 

GELS$gcff5catrFoix SVS 7513. - If: f e a s i b l e ,  a prsvlously delivered regulator will 

b&meeuttned am EariE.eroa- fhntrols by GE/MSI) for modification in accordance with 

a d&i'afgn 'pzev5oudy- c2prolred. by Carleton Controls and GE Cognizant Engineers, 

1Lkmad-FfLczti.m- is- n&r possible ,  manufacture and acceptance t e s t  o f  ona additional 

uuit!WJf b& required. 

TEa%endor .is .asked to. propose au improved design b a e d  on tho objectives of 

idcarporating improvements that  will enhance s t a b i l i t y ,  regulation tolerance, 

a&jQstabklity.,. and decrease-temperature s e n s i t i v i t y .  Proposed design changes 

ma~%k*&bo .amraw& by GE: prioz: to f i n a l i z a t i o n  of design and fabrication of 

himdware .- 
22-  _DEo&-- 

The :.Smpnrovcd design .shall- b~?. prepared by the vendor with consideration given t o  

pqteat'tal Snspravemenr z r c a s -  in light o f  experience with previously delivered 

un-f-tk?;. The d e s i p  analysis s h a l l  include, but not necessari ly  be l imited t o ,  

cmns3.d.deratkm of khe following des€gn techniques: 

B L .  Edlarged am1 s.xs.;o:hcd flov paths dovnstream o f  seat. 

b? . Mbdificatians to rcgulotoor gain to improve s t a b i l i t y ,  

c c .  B l h i n a t h n  of frk:tion dumpers, 

di.. R6ducti.m is ombczrof detail p a r t s .  

ec IUductFon Ln nm,Dc:c- of O-ring seals, 

f &. SZmplFEication o f  Ldjustment provisions.  

8 6 .  Reduction 5.c use or threaded parts. 

hi ElSninatton OC LC:? :*:cfvity t o  extehs l  torques. 
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ii. Iticrsaa&-:ckearanciz .around- h e l i c a l  spring, 

jj'. Op$kafz;at-iatI :of Aha-- i- Belleville spring relat ionships.  

andiatxy.:~ultkmrix ronfijpri;t ions for approval of the cognizant GE!MSD 

Dlafpp,Eng$nee11- :pr.br '.to. finalization of design and fabrication of 

hhdr;are;. The mcrrfiak 1sbl3.: pruvidc design engineers to meet with the 

GE,!MSllICtigqiaant-- EtigLne~r.  as- required by the program. The vendor s h a l l  

kbep:on-:ifl;&ia .ccmp&.t& set: of: up-to-date drawings for review by GE/MSD 

a8 srequired; 

3 j I  FairiCation and Ceveloment--; 

Affer:-spprmo'i of I'm Ca'sQq by. GE;.. t h e  vsndor shall %mediately begin fabrics t ion 

oifiadeliverabic .::nit.. changes to the approved configuration are required 

$ocaccoroodatc fhtkcrcrr::i@n-.- t h e  GE- Ycprcsentnt'ive Yi ia l l  be not i f ied  liumediatelx 

fo'r - approvn 1 I 

35: DeveLopmait Te;.:i:hsy 

.-- 

Tk:veador : s h i l  .k& respmoible: for the scope and performance of development 

test ing %a -8lrr;3;r~~~~~te:.'c~?nt t h e  u c i t  w i l l .  meet the requirements of GE 

Sfiqciffcathi .:VS -7S-fi.i IC. is: a mandatory requireaent, however, thst 

8 8 ~ i ? f . d C t O r 7  regulathn;.  Icckupi; and iea!cage character is t ics  be demonstrated 
0 

' a t  :envitorzrricn'i;:l Leqcratumes 02- -*10iI0F and 4-300 P. If any changes to the_ 

 ion. P::C r e w i r e d  as 8 xe8uIt of development t e s t ing ,  t h e  

GI?,-rep~fi.~eA:~;>~~ &iil. be t-@fZiccl kyncdiataly for s p ; v x w l ,  

I%. . Acceptance !rt?p- 

ACceppnnccI : L e s l x  .~l:::l.X Sal co~xtucted- by. ~ I i e  vendor i n  accordance c i t h  GE 

S i .  DPlivery 

Delivery o f  . o m  unit: i s  requircd. 

are given in thc ~ : . - c : - ~ d  biilestono Schedule. 

Schcdule for &livery and key militone events 
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I I'CLASS. LTR. ]QpEAAJIOH /PROGRAM ]SEQUENCE NO. ]]REV. LTR. 

P A G E  NO. 

1 6  

I 1 1 ' 164 U - 1K63 - PJR - PIR NO. 

1 RtrTENTlON R E C I U I R E M E H T I  

COPIES FOR H A L T E R S  FOR 

$ MO+ f UO.. 

1 U O 8 .  6 U O S .  

e U D S .  I2 U O . .  n n uO.. U O S .  

17 n O b ~ O l D i B 1 I D ?  

Pi? 

.. 
V F s T c ~ R m ~ .  M-2101 I R m m  Ilbb2h 

IE ?EHT DATE INFO. REQUIRE0 PROJECT AN0 REP. KO. REFERENCE D I R .  no. 

121-28L68 . I I 
3JCCT I 

COMl'Xl'IRILITY OF MATERIALS WITH HYDRAZINE AND HYDRAZINE DECOMPOSITION PRODUCTS 

X)RhTATION-REQUESTEDIRELEASED 

MdLesdals.selected €or a p p l i c a t i o n  i n  assembly r e g u l a t i n g  va lves  have been a s ses sed  f o r  

co-nlpat lbi l i ty .  w i th  Hydrazine and Hydrazine decomposition products .  

-- Nota.:-. Severa l  o t h e r  f a c t o r s  can r e s u l t  i n  va lve  f a i l u r e  o r  malfunction, f o r  example; 

the 300 S e r i c s  S t a i n l e s s  S t e e l s  a r e  s u b j e c t  t o  c a t a s t r o p h i c  f a i l u r e  by stress crncking  

Jf kh lo r idco  (even very  small t r a c e s )  a r e  p r e s e n t .  Sulphides  r a p i d l y  a t t a c k  n i c k e l  

I w n r i n g - a l l o y s  and cryogenic  tempera tures  cons ide rab ly  dec rease  t h e  impact r e s i s t a n c e  

of5 n i a r t e n s i t i c  steels (440C, 17-7PH, 17-4Pl.I). For t h e  purpose of t h i s  r e p o r t ,  i t  i s  

n ~ s n m e d : L h a t r f a c t o r s ,  such a s  t h e s e ,  hsve  been cons idered  and only t h e  e f f e c t s  of 

hyd.razine, - ammonia , hydrogen and n i t r o g e n  have been eva lua ted  he re .  

Toble.1, f n  t h i s  r e p o r t ,  l i s t s  t h e  m a t e r i a l s  involved i n  t h e  va lve  c o n s t r u c t i o n .  

Of'. the m a t e r i a l s  under c o n s i d e r a t i o n ,  t h e  fo l lowing  can  be used i n  t h i s  

a p p l i c a t i o n  wi thout  ill e f f e c t .  ( I t  should be noted  t h a t  i n  t h i s  a p p l i c a t i o n ,  

fue l -decompos i t ion  e f f e c t s  can be i g n o r e d . )  

3 0 2 . S t a i n l e s s  S t e e l ,  304 and 304L S t a i n l e s s  S t e e l ,  Nicke l  P l a t e ,  
Te f lon  and Ethylene Propylene  Rubber. 

Th& fo l lowing  m a t e r i a l s  can, i n  t h e  op in ion  of t h e  writer,  a l s o  be used but  

r e i e r c n c e s  i n  r e s p e c t  t o  t h e s e  a l l o y s  are  c o n t r a d i c t o r y .  

17+7PH S t a i n l e s s  S t e e l ,  17-4PH S t a i n l e s s  S t e e l ,  2024 Aluminum and 
7075'Aluminum. . 
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44o'c: s p i y  Kyl,o.n..s~$ould no$ ye, uf;ed, ,340C S t a i n - j s s  S t e e l  is 
: . I :  1 _.I c ' I  . . .. . . .  

s ~ ~ n p ~ : i ~ l e : t o . h y d r ? g e n  embr i t t l ement  and Nylon f ends  t o  degrade i n  hydraz ine .  
' .  . , . '  . ! I .,- .. ,:; *i . .  

AL'UMIMTM'ALLDYS 2 

A&'.ca= be: seen:  from Table  (1) s e v e r a l  r e f e r e n c e s  do no t  recommend Aluminum i n  , 

cmtaetr with:Rydrazine.  There is, however, cons ide rab le  c o n t r a d i c t i o n  among 

th&marious:references,  f o r  i n s t a n c e ;  a l l  Aluminum Alloys a r e  cons idered  

coanpa$ibleLwith.MMII and a p a r t i c u l a r  Alloy (2024)  a l though,  Class  1 a t  68OF 

in id i i i n id ihydraz inc  is Class 4 a t  80°F i n  l i q u i d  hydraz ine ,  and y e t ,  Class  1 

ata35Q: -'inLUDMH (Ref .9). 

th'gk all: Aluminum Al loys  a r e  compatible  wi th  r e spec t  t o  co r ros ion  and 

de:bmpvsi t ion.  Mr. Boyd of t h e  B a t t e l l e  I n s t i t u t e  and au tho r  of t he  DMIC 

Mdhsr#201: gave two reasons  f o r  avoid ing  Aluminum Alloys:  

1.i. 2024; - - T h P s - a l l o y  c o n t a i n s  4.5% Cu, t h e  formation of A1-Cu compounds can 

r ende r  t h e  a l l o y  s u s c e p t i b l e  t o  i n t e r g r a n u l a r  a t t a c k  by hydraz ine  

and i t s  decomposition products .  

Reference 7 and Reference 8 s t a t e  unequivoca l ly  

2.2, 7075- : T6.:- This Alloy i s  cons idered  (by M r .  Boyd) t o  be s u s c e p t i b l e  t o  

stress co r ros ion .  A h e a t  t r ea tmen t  r e s u l t i n g  i n  a lower s t r e s s  

l e v e l  should r e s o l v e  t h e  problem, i f  t h e  lower s t r e n g t h  can be 

t o l e r a t e d .  

S'riXLs - 
-. 

3 0 Z a n d - 3 0 8 ' S t e e l s  a r e  cons idered  accep tab le  from a l l  s t andpo in t s  (i.e., co r ros ion ,  

dccnmposi t ion.and hydrogen embri t t lement) ,  303 S t a i n l e s s  S t e e l  i s  not  recommended 

hawever; due t o  i t s  tendency towards p i t t i n g  co r ros ion .  A lower su lphur  s teel ,  

foirnxamplc;r302 o r  304 should be used. 

L, 

3 
- i  

: -  is 

DCZ 

9 
P; 
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17S7-Tanct17’~.4PH-were both  advised  a g a i n s t  by M r .  Boyd ( B a t t e l l e )  on t h e  

R W m h  of 112 embr i t t l emen t .  I n  t h e  op in ion  of t h e  w r i t e r ,  t h i s  danger 

i&mon=exj.st:ent s i n c e -  17-7 and 17-4 S t e e l s  a r e  n o t  s u b j e c t  t o  hydrogen 

emtrri-keine-nt,. R e f .  - 10, 11. 

44OC:St.Lnl-e~~ S t e e l  i s ,  however, most d e f i n i t e l y  s u b j e c t  t o  cmbr i t t l ement  

aird shou-M be avoided. 

Nfckel P l a t i n g  

N 2 c k L P l a L i n g  i s - g i v e n  a Grade 4 c l a s s i f i c a t i o n  i n  DMIC Memo 201. This 

c k a h i f i k a t t i o n -  is, however, based upon t h e  c a t a l y t i c  e f f e c t  o f  p l a t e d  

n j x b l , :  not-  on- i t s .  r e s i s t a n c e  t o  c o r r o s i o n  and can t h e r e f o r e  be d i s r ega rded  

irL-rrih3.s a p p l i c a t i o n .  

Ndn Metals - 

Tc%Ltinmay be used wi thou t  any s e r i o u s  degr&dation.E.P.R. 

fdm€a.tions o f - E t h y l e n e  Propylene Rubber, however, E.P.R. fo rmula t ions  which 

ham .been t e s t e d -  gave e x c e l l e n t  r e s u l t s  i n  hydraz ine ,  formula t ion  No. 2 ,  Ref. 5. 

h e r e  a r e  many 

NYLON 

NJ&n does not  appear  t o  be very  s a t i s f a c t o r y  f o r  hydraz ine  a p p l i c a t i o n s ,  Ref. 6. 
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COPll'hTlBILITY OF MATERTALS WITH 'IFYDRAZINE 

( Informat ion  Taken Mainly From MIC Memo 201) 

L - 
i 

I 
I 

I 

- 
80 

140 

75 
14 0 
80 

68 

- 
.4 0 
75 

- 

60 

160 
75 

80 
75 
68 
I_ 

H2 

OK 
OK 
OK 
CK 
OK 
OK 

Reco- 
m e n d  e 
OK 
OK 
OK 

- Not 

. __--. 

NtI3 - 
OK 
OK 
OK 
OK 
OK 
OK 
OK 

OK 
OK 
ai&.. 

KEY TABLE 1. COMPATIBILITY CLASSIFICATIONS FOR METALS (a)- 

Cot ros ion  Res is tance  
Penctra  t i o n  Shock 

Decomposition Sens i -  Rate ,  
Crass Raking mi la /year  of P rope l l an t  t i v i t y  

1: Excellent - 1 No No 
2 :  Go'& - 5 No No 
3 -. FaPr - - 5 to 50 Some NO 

44 Poor 50 Extensive Yes 
(a) Tlic c l a a s F f f c a t i o n  of a m a t e r i a l  is  based on t h e  lowest r a t i n g  of any one of the 

tlwee p r o p e r t i e s .  

Tlle cniimhera .in tha- Eo-lumns r e f e r  t o  t h e  temperature  a t  which t h e  m a t e r i a l  was eva lua ted  (OF). 

N0N ETALS 

-c- - TEFLON C l ' a s a - L i n -  l i q u i d .  hydraz ine  a t  140°F 
Reference 
3, 4r 1 

--. NYLON C1;jiSB:Th: 1_.- l i q u i d .  hydraz ine  a t  75OF 3 

E J I ? I R i  132 _ _  -(t): 'fwcnty'.-(20). percen t  volume - swell a f t e r  15 wceks a t  

14DoF- In :  Hydrazine UDMH mixture.  Th i s  i s  cons idered  

a xeryrgood performance 12 

I'OIWUIAI'I ON 5 
NO. 2)* cons idered  a very  good performance. Temp. 73'F 

( K . P . R .  ( i i )  3.8% f u e l  leakage through an 0 Ring Sea l  i n  17 months 
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* T  E.tJ.R; Formulation #2 con ta ins :  
E . P . R .  404- 100 p a r t s  
S t a t e x  R 50 
Z i B c -  Oxide 1 
Su'fphur 0.45 - Varox- 8 

C&e: t i m e - Q O  minutes a t  330'F 

TABLE 1 COMPATIBILITY CLASSIFICATIONS FOR XOhFETALS 

Class  
1 2 3 4 

Vdlthc- Change 
1 J d C m e  . 0 to:+251 -10 t o  1-25 -10 t o  +25 -10 o r  +25 

Duramt.cr- r 
Read Jag 
Cliongc ~ I- +3- - +10 I +10 -10 o r  +10 

I'ffccL- O K -  
P K Q p O b t  None S l i g h t  Change Moderate Change Severe 

Visu-nl- 
Examinatton . No: Change S l i g h t  Change Moderate Change Severely b l i s -  

t e r e d ,  o r  
cracked, d i s -  
olved 

c6lXCrAk Sot i s f  a c t  ory S a t i s f a c t o r y  f o r  S a t i s f a c t o r y  Unsa t i s f ac to ry  
UBage Gebera l  Use Repeated Short  f o r  Shor t  Time 

Term Use Use 
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ETP #lK49-011 

TEST PLAN 

FOR 

WGDS R E G U L A T O R  

.. 

P rep a r ed b y : D a t e :  $3 

Lunar & P l a n e t a r y  S y s t e m s  E n g i n e e r i n g  
Advanced  Manned S y s t e m s  E n g i n e e r i n g  

C.  C .  R i c h ,  Manager 
R e a c t i o n  and A c t u a t i o n  
Equipment  E n g i n e e r i n g  
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T f i l s :  tebtrpfan-describes -the tests to which the WGDS Pneumatic 
Pkctrst lra Kegulatar will .be subjected to verify its functional 
pnrformrnce and .acceptahiLity for use in the Worm Gas Distribution 
SSjBtem;.  These testa wfll-consist of life, leakage, flow, regula- 
tdon:,,and-contaminatian level tests, in accordance with the require- 
mlentsc hcreln. 

22 0; A P P L I C A B L E -  DOCUMEliTS 

C'EE S % and a r d - 1 7 I A 4 4 h 2 

CEtSLanaard 117184.413. 

Component specification for a 
Regulator, Pneumatic Pressure - 
Warm Gas Distribution System 

Nitrogen Gas, High Purity 

Helium Gas, High Purity 

SScscr-Engineering C 
Mknufacturlng C o .  3ZOZQD: - Regulator - Pressure, Pneumatic 

Cas 5 t ton . Con t r o 1 S : C o  r p .- 
1992517B. Assembly, Regulating Valve 

3211 The operating-fluid shall be nitrogen gas conforming t o  the 
requirements of GEStandard 171A4412. 

3 i 2 2  PBr.leak testfng, the test fluid shall be helium gas conforming 
toc the requirements of- GE Standard 171A4413. 

44 Oi TESY. EQUIPMENT, .FACLLLTIES AND C O N D I T I O N S  

421: Teest Equipment 

4~l;l. Tenk'Equipment Requirements 

All-measurements shall be made with instruments of which 
accuracy has been verified and which are calibrated at 
1cast.every six ( 6 )  months. Calibrations shall be trace- 
a b l e - t o  the National Bureau of Standards. The maximum 
allowable tu-lerance on measuring instruments shall be as 
follows: 

a i .  Temperature - f3OF 
b . .  Pressure - +0.10% 
c; Flow - +I  x 

E-2 
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4b.1-2 f TcSat. :E+u-Fpment. 

T 6 s C  : e q u i p m e n t  r e q u i r e m e n t 8  a r e  l i s t e d  o n  t h e  s c h e m a t i c  
diaMamrr  ( F i g u r e s  1 t h r o u g h  4) a p p l i c a b l e  f o r  e a c h  t e s t .  

A Z 1  - t a s t a . s h a k L  > e  c o n d u c t e d  i n  t h e  S p a c e c r a f t  P n e u m a t i c s  
L a b o r a t o r y  C L e a n  Koo~n,  U-4209 VFSTC, u n d e r  Clas;  1 0 0  c l e a n  b e n c h  

c o n d i t i o n s .  
4 4 3 5  Test ' C a n d i t i o n s  

4 * 3  .I E n v f r a x m e n t  

Unl-eas . o t h e r w i s e  s p e c i f i e d ,  t h e s e  t e s t s  s h a l l  be  c o n d u c t e d  
u n d e r  -th'-e f o l l o w i n g  c o n d i t i o n s ;  

Tdmp-erat-ur e : 25OC 2 1 0 ° C  
R e L a t F v e  H u m i d i t y :  60% o r  l e s s  
B8rametr .Fc .  P r e s s u r e :  28"  t o  32" Hg 

Y 

4 ~ 3 ; 2  1 CJLeanlinesa 

I r i r o r d - e r  t o -  meet t h e  s t r i n g e n t  l e a k a g e  a n d  l i f e  c ' y c l e  
r c q u F t e m e n t s ,  i t  i s  n e c e s s a r y  t h a t  t h e  u t m o s t  c a r e  b e  
t a k e n - t o .  a s s u r e  t h a t  t h e  r e g u l a t o r  i s  t e s t e d  f r e e  f r o m  
a L L - i n d u c e d  c o n t n m i n a t i o n .  I n  a c h i e v i n g  t h i s ,  t h e  
fo ' l - l awing  p r o c e d u r e  s h a l l  b e  a d h e r e d  t o  when a s s e m b l i n g  
t a s t s e t u p a .  I m m e d i a t e l y  p r i o r  t o  a s s e m b l y  o f  a s e t u p ,  
al-1 p a x t s  s u c h  a s  t u b i n g  a n d  f i t t i n g s  s h a l l  b e  t h o r o u g h l y  
d e g r e a s e d  a n d  u l t r a s o n i c a l l y  c l e a n e d  a n d  f l u s h e d  w i t h  a 
n o n - r e s i d u e  t y p e  c l e a n i n g  f l u i d ,  a n d  p u r g e d  w i t h  c l e a n ,  
p s v z f i l r e r - e d .  .d r.y n i t r o g e n . 
A f t e r - a s s e m b l y  o f  t h e  s e t u p ,  b u t  p r i o r  t o  i n s t a l l a t i o n  
o f ' t h e  r e g u l a t o r ,  t h e  p l u m b i n g  s h a l l  b e  p u r g e d  w i t h  
p r e f i l r e r e d  d r y  n i t r o g e n  u n t i l  t h e  f D l l o w i n g  p a r t i c l e  
c a u n t  - i s  a c h i e . v c d :  

C o n t a m t n a n t  D i m e n s i o n s ,  M i c r o n s  Max. Number P a r t i c l e s  

0-2-5. 
g r,e:a.t e r t h a n  2 5 

no r e q u i r e m e n t  
n o n e  a l l o w a b l e  

Af.t cr  : c c . - n p l e t i a n  ~f t'.e t e s t  s e t u p s  a n d  c o n t a m i n a t i o u  c h e c k s ,  
t h c . s e t u p  a n d  p a r t i c l e  c o u n t s  s h a l l  b e  r e v i e w e d  a n d  a p p r o v e d  
b y - t h e  W G D S - P r a j e c t  E n g i n c c r  p r i o r  t o  p r o c e e d i n g  w i t h  a n y  t e s t s .  

4 . 5  - F a i l u r e  R e p o r t i n g -  

I n  t he  e v e n t  a n y  component :  f a i l u r e  i s  d e t e c t e d  t h e  t e s t  s h a l l  
h e  dc leycrd  p e n ; + n g  n o c i t f c a t i o n  O L  t n e  r e s p o n s i o i e  e n g i n e e r .  
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'L'(?~t-iny, ~ t i a 1 L  b e  p c r F o r m e d  o n  t h e  r e g u l a t o r f l  s u p p l i e d  by S t c r e r  
E h g l n r c r k n g  a n d  M a n u f a c t u r i n g  Co. a n d  b y  C a r l e t o n  C o n t r o l s  C o r p .  
i i r c l u d i i i g  physical e x a m i n a t i o n  ( p a r a .  5 . 1 )  , l i f e  t c s t s  ( p a r a .  5.2) , 
r;Lnl. Ic . l e a k d g : c  ( p a r a .  5 . 3 )  , f l o w  a n d  r e g u l a t i o n  ( p a r a .  .5.4), a n d  
cwat-ami  n a t f c l n  c h e c k s  ( p a r a .  5 . 5 ) .  

5 5 1 .  P h y s i c a l  E x a m i n i t i o n  

T h r *  r t=p , r i l d to r  s h a l l  bc e x a m i n e d  f o r  c o n f o r m a n c e  t o  t h e  
ap.,>l I c i l b l ~  v e n d t ) r  d r a w i n g  F o r  a n y  d e f e c t s  s u c h  a s  c r a c k s ,  
I>orly. d i s t a r t i o n ,  t o r q u e  s t r i p e  d i s t u r b a n c e ,  l o c k w i r e  b r e a k s ,  
t h r v a d  d a m a g e ,  e t c .  Any d e f e c t s  s h a l l  be n o t e d  o n  t h e  d a t a  
s ticc 1- . 

T d L a l - d u r l [ t l o n  o f  t h e  l i f e  t e s t  s h a l l  b e  1 , 0 0 0 , 0 0 0  c y c l e s  o r  
C u . c a m p o n c n t  f a i l u r e ,  w h i c h e v e r  s h a l l  o c c u r  f i r s t .  T h e  
r o # u l d L o i -  o u t l e t  p r e s s u r e  s h a l l  b e  a d j u s t e d  t o  a new s e t  

- p o l n t  a f t e r  5 0 0 , 0 0 0  c y c l e s .  F u n c t i o n a l  t e s t s  c o n s i s t i n g  o f  
flow r c p u J a r i o n ,  l e a k a g e ,  a n d  c o n t a m i n a t i o n  c h e c k s  s h a l l  b e  
r u n  p r i o r  t o  i n i t i a t i o n  o f  l i f e  t e s t s ,  a n d  a f t e r  1 0 0 , 0 0 0 ,  
300 ,000 ,  5 0 0 , 0 0 0 ,  8 0 0 , 0 0 0  a n d  1 , 0 0 0 , 0 0 0  c y c l e s .  The  r e g u l a t o r s  
w i l l  hc set u p  a s  shown i n  F i g u r e  1. The  s o l e n o i d  v a l v e  w i l l  
b e  l i n k e d  t o  a n  a u t o m a t i c  c y c l i n g  c i r c u i t  p r o v i d i n g  p u l s e s  t o  
o p e r a t e  t h e  s o l e n o i d  v a l v e s .  I n  t h i s  m a n n e r  t h e  r e g u l a t o r  
w i l l .  be r e q u i r e d  t o  a l t e r n a t e l y  f l o w  a n d  l o c k u p .  C y c l i n g  w i l l  
b e  .more  r a p i d  t h a n  n o r m a l l y  a s s o c i a t e d  w i t h  a s p a c e c r a f t  m i s s i o n  
1 n : o r d e r  t o  r e d u c e  p r o g r a m  c o s t  and s c h e d u l e  a n d  s h a l l  n o t  
cxcccd -4 - c y c l e s  p e r  s e c o n d .  

5t3 S t a t i c  LealcnRe 

M6unt- t h e  r e g u l a t o r  i n  a l e a k  b o x  a s s e m b l y  a s  shown i n  F i g u r e  
2 L  W f L h  tlrr r e g u l a t o r  i n  B l o c k e d  u p  c o n d i t i o n ,  p r e s s u r i z e  
t h c  i n l e t  t o  2 0 0  p : . l g  (He) a n d  m o n i t o r  s c a t  l e a k a g e .  S e a t  
l e a k a g i .  s h u l l  b e  m c a s u r e d  b y  o b s e r v i n g  t h e  p r e s s u r e  i n c r e a s e  
ih n known v o l u m e  f o r  d minimum o f  t w o  ( 2 )  h o u r s .  

S c a t  l e a k a g e  s h a l l  n o t  e x c e e d  2 . 0  s c c / h r  h e l i u m .  Body ( e x t e r n a l )  
I e a k o g c  s l t a l ?  :>e I L ~ I I : ~ E ~ ~ ~ U  w i t h  mass s p e c t r o m c t c r  a n d  s h a l l  
n u t  e x c e e d  0.02, s c c j i i r  tiel i u m .  

Ti ic  vol i imc 1 1 i  L 1 . i '  t i i ~ ~ I ~ - ! :  dovnstream o f  t!;c r e g u l a t o r  s l i n l l  be 
m e a s u r e d  b y  p r c : j s u r i z i t t g  L l i i s  t u b i n g  w i t h  o n e  a t m o s p h c r c  o f  
h e l i u m ,  a n d  b l r t * d i n g  o r  :hc gas  I n t o  a c u b i c  c c n t i r n e t e r  g r a d u a t e  
im.neirsed i n  n l c o l i o l  tint i l  C I ~ P  n t i n o s p h c r t .  l i d s  b e e n  b l e d  o f f .  
T e m p e r n t u r r  of i l i e  d o w i t s t r r - s n ~  t u b i n g  s h a l l  b e  m o n i t o r e d .  



T h e  i n t e r n a l  l e a k a g e  s h a l l  b e  c a l c u l a t e d  u s i n g  t h e  f o l l o w i n g  
f o r m u l a :  

Q - 2 1 5 4  V 
t 

w h e r e  

Q = s c c l h r  
t = e l a p s e d  t ime,  m i n .  
V ' m  v o l u m e ,  cc 

P 1  = i n i t i a l  p r e s s u r e ,  p s i a  
P2 - f i n a l  p r e s s u r e ,  p s i a  
TI = i n i t i a l  t e m p e r a t u r e ,  O R  

T2 f i n a l  t e m p e r a t u e ,  O R  

. .  
5.:4 F l o w  and  R e R u l a t i o n  

I n s t a l l  t h e  r e g u l a t o r  i n  t h e  t e s t  s e t u p  shown i n  F i g u r e  3 .  T h e  
v o l u m e  o f  t h e  l i n e s  a n d  f i t t i n g s  b e t w e e n  t h e  r e g u l a t o r  a n d  
s o l e n o i d  v a l v e  e h a l l  b e  40 c u b i c  i n c h e s .  P r e s s u r i z e  t h e  r e g u l a -  
t o r  i n l e t  w i t h  c l e a n  d r y  n i t r o g e n  a t  50 p s i g .  U s i n g  t h e - h a n d  
v a l v e ,  a d j u s t  f l o w  r a t e  t o  1500 s c c / m i n .  Remove the f l o w m e t e r  
f r o m  t h e  t e s t  s e t u p .  .By o p e n i n g  a n d  c l o s i n g  t h e  s o l e n o i d  v a l v e ,  
o b t a i n  l o c k u p  a n d  r e g u l a t e d  p r e s s u r e  c y c l e s  a t  i n l e t  p r e s s u , r e  
of 50 a n d  200  p s i g  ( p r e s s u r e  i n c r e a s i n g ) .  C h a n g e  i n l e t  p r e s -  
B u r e s  w i t h  t h e  s o l e n o i d  v a l v e  c l o s e d .  R e p e a t  t h e  a b o v e  s e q u e n c e  
w i t h  d e c r e a s i n g  i n l e t  p r e s s u r e s  o f  200 a n d  50 p s i g .  R e c o r d  
r e g u l a t e d  p r e s s u r e  g a g e  r e a d i n g  a t  e a c h  f l o w  a n d  l o c k u p  c o n d i -  
t i o n .  R e p e a t  t h e  a b o v e  t e s t  s e r i e s  a t  f l o w  r a t e s  of 40,000 
s c c l m i n  a n d  9 6 , 0 0 0  s c c l m i n .  

U s i n g  t h e  m a n u f a c t u r e r ' s  p r o c e d u r e  p r o v i d e d  w i t h  t h e  u n i t ,  
a d j u s t  t h e  r e g u l a t o r  t o  i t s  a l t e r n a t e  s e t t i n g  ( 1 5  o r  25 p s i g ) .  
R e p e a t  t h e  a b o v e  f l o w  a n d  r e g u l a t i o n  t e s t s  a t  t h e  new s e t t i n g .  

5..5 . C o n t a m i n a t i o n  C o n t r o l  

W i t h  a n  i n l e t  p r e s s u r e  o f  200  p s i g  a p p l i e d  t o  t h e  r e g u l a t o r  a n d  
f l o w  a d j u s t e d  t o  9 6 , 0 0 0  s c c / m i n ,  f l o w  1 0  c u b i c  f e e t  o f  d r y  
f i l t e r e d  n i t r o g e n  gas  t h r o u g h  t h e  r e g u l a t o r  a n d  t h r o u g h  a down- 
s t ream .45 m i c r o n  m i l l i p o r e  f i l t e r .  P e r f o r m  a p a r t i c l e  c o u n t  
on t .he f i l t e r  e l e m e n t  t o  d e t e r m i n e  c o n t a m i n a t i o n  l e v e l  of t h e  
r c g u l e t o r  e f f l u e n t .  T h e  t e s t  s e t u p  Is shown i n  F i g u r e  4. 
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6 t 0  L LQG .BOOK . . .  
. . . -  

A.;dut .a . lag jbaok  s h a l l  b e  i n i t i a t e d  f o r  e a c h  c o m p o n e n t  a n d  a l l  t e s t  
drit:o :.recartdeb . t h e r e i n .  A l l  s i g n i f i c a n t  e v e n t s ,  o b s e r v a t i o n s ,  a n d  
amy :..ca-l-duliiti.o.ns s h a l l .  a l s o  b e  r e c o r d e d ,  a l o n g  w i t h  t h e .  d a t a  a n d  
t tme-c .o f  :te.ttt-,: ,and name o f  t e c h n i c i a n .  

7 9 0 :  N O T E S :  

731 1 Test- : I r i t e - r f a c e s  

Tlie .inlet. s u p p l i e d  w i t h  e a c h  r e g u l a t o r  s h a l l  b e  3 / 8  x . 0 2 8  i n c h  
tuhing, u l t r a s o n i c a l l y  d r a w n ,  e l e c t r o p o l i s h e d ,  a n d  a minimum 
o f i s l x  ( 6 )  i n c h e s  l o n g .  I t  s h a l l  b e  t y p e  3 0 4 L  s t a i n l e s s  s t e e l .  

T I i e . o u t . l e t  s u p p l i e d  w i t h  e a c h  r e g u l a t o r  s h a l l  be 1/2 x . 0 1 6  
i n c h  t u b i n g ,  u l t r a s o n i c a l l y  d r a w n ,  e l e c t r o p o l i s h e d ,  a n d  a 
mfnimum o f  s i x  ( 6 )  i n c h e s  l o n g .  I t  s h a l l  b e  t y p e  304L s t a i n -  
l c s v  . s t ee l .  

-- - -  - - - _  
7 2 2 :  ?'&St S e t - u l  

Ttie : f o . u r - . s c h e m a t i c s  a r e  shown o n l y  t o  d e p i c t  m i n i m u m  tes t  e q u i p -  
ment- : r e q u i r e m e n t s .  They  d o  n o t  p r o h i b i t  o n e  o v e r a l l  t e s t  s e t -  
up t a l a c c o m p l i s h  a l l  t e s t s .  

. .  



Li'Rend -- 

1;. N L t t o g e i i  pressur-e . Y O U Z C ~ -  

2; .  P r c s e u r c  g a u g e  -0-30-0 p s i , .  Heise  o r  e q u i v a l e n t  
3 2 ,  Fflter --- 5 mfcran a b s o l u t e  or b e t t e r  
4 - , ,  LeakiBox A s ~ e ~ ~ b l y -  - -243lU.36 or e q u i v a l e n t  
5 ; .  "gat : s p e c i m e n  - 
6c P r e s s u r e  gauge- 0-30 p s i ,  Heise  o r  e q u i v a l e n t  
7 ; .  SGLenofd  v a l v e  . co i i t r a l l ed  b y  a u t o m a t i c  c y c l i n g  c i r c u i t  
8 i .  F l d w m e t e r  - - F i s h e r  & Porter - 1.4 t o  7 . 2  scfm o r  CqUiV&len t :  

FEGXJRE I:. LIFE CYCLE SCHEMATIC 

1;. 
2; ' 

31. 
4.. 
5 : .  
6 i ,  
7 ;  
8 . .  
9 ;  

H e L f u m - p r e s a u re s o u r ce 
P t e s e u r e  gauge 0-300 p s i ,  Heise o r  e q u i v a l e n t  
F i l t e r  - -5 mfcron a b v o l u t e  o r  b e t t e r  
LLtak Box Assembly -  - -243R136 o r  e q u i v a l e n t  
T B s  t : s p e c i m e n  
P i - e e s u r e  g a u g e  0-50. PYA,  Heise o r  e q u i v a l e n t  
Hand valve 
M a a n  ~ p c c t r o m e t e r  C E C  1124-120 or e q u i v a l e n t  
T e m p e r a t u r e  s e n s o r  

FIGURE 2:  STATIC LEAKAGE SCHEMATIC E-7 



1,. N i t r a g e n  p r e s s u r e  s o u r c e  
2: .  P r e s s i t r e  g a u g e  0-300 p s i ,  Heise  o r  e q u i v a l e n t  
32. Pf.1Ler  - -5 m i c r o n  a b s o l u t e  o r  b e t t e r  
4 r .  Leak B o x  A s s e m b l y  - 2 4 3 R l 3 6  o r  e q u i v a l e n t  
5.5. T6Kt s p e c i m e n  
6 r .  Pfiatltiure g a u g e  0-30 p s i ,  Heiee  o r  e q u i v a l e n t  
7 , .  S o l e n u i d  v a l v e  
8 r  Hand v o l v c  
9.2. F l a w  m e t e r  - F i s h e r  & P o r t e r  - 1.4 t o  7 . 2  s c f m  o r  e q u i v a l e n t  

1 0 , .  P r e e a u r e  t r a n s d u c e r  0-300 p s i $  
LL... P f e s s u r e  t r a n s d u c e r  0-50 p s i g  < 

1 2 , .  O s c i l l o g r a p h  
13. . .  Vdlume - - t o  t o t a l  4 0  in3 d o w n s t r e a m  o f  r e g u l a t o r  t o  n o l e n o i d  v a l v e  

FIGURE 3:  FLOW A N D  REGULATION SCHEMATIC 

P .  

LcKcrnd ~ 

3 : . N f  t r o g e n  p r e s s u r e  s o u r c e  
2 . .  P r e s i ~ u r e -  g a u g e  0-300 psi, Heisc o r  e q u i v a l e n t  
3 - , ,  Filter, 5 m i c r o n  a b s o l u t c  o r  b e t t e r  
b r  Tdrrt  Hpecimen 
5: Filter, 0 . 4 5  m i c r o n  m i l l i p o r e  
6: Ilund V a l v e  
7 .  F l o w m e t e r  - - F i s h e r  & P o r t e r  - 1.4 t o  7 . 2  s c f m  o r  e q u i v a l e n t  

3348- FIGURE 4: C O N T A M I N A T I O N  C H E C K  
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1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  REVISION LETTER 
SPEC. NUMBER I 

I I I I I I I I I I I I I I w 3  I 
._ - . - - 

1.0 Scope 

This test plan establishes the conditions and procedures for the Acceptance 

Tests of the CCC 1992 001 17-1 Regulator. 

2.0 Applicable Documents 

2.1 CCC Drawing 1992 001 17-1 

2.2 General Electric Purchase Order #028-G43280 

-. . . 3.0 Procedure 

Note: All test datu and approval signatures are to  be recorded on data 

sheets i n  section 4.0 of this specification. 

The Cilixred pressure fittings are not to be rempved outside the clean room. 

3.1 Visual ExaAination Visually inspect the uni t  for any defects i n  

workmanship and conformance to drawing 1992 001 17-1. Mark acceptance on data sheet. 

3.2 Cleanliness Checlc The uni t  cleanliness level shall be checked by 

flushing N2 gas thru the uni t  and checking the particle as follows: 

Particle Size (Microns) . Max. Count 

0-25 No Requirement 

25 or greater None Allowable 

There shall be no visible reflectivity of hydrocarbons per black light inspection 

I F-3 
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3.3 Proof Pressure 

3.3.1 inlet Proof Pressure 

Set up the Regulator as in Figure 1. Apply 300 * 10 PSlG 

I 
I 
i 

to the inlet of the Regulator with the outlet shut off and hold for ten (10) 

minutes. 

NOTE 
I 
i 
! 
j 

Monitor the outlet  pressure gage. In the event of a leak, (thru the regulator) 

terminate test before outlet pressure reaches 30 PSIG. 

3.3.2 Outlet  Proof Pressure 

! Set  up the Regulator as in Figure 2. Apply 90 f 3 PSIG 

t o  the outlet of the regulator with ihe inlet valve shut off and hold for 

ten (10) minuies. 

3.a Leaknge 

3.4.1 Extcrnal Leakosc 

F-4 

Set up the regulrrtor as in Figure 3. Apply 200 f 7 PSIG 

pressure with hclium gas to the inlet of the regulator. 

exceed .05 scc/hr helium. 

3.4.2 Internal Leakage 

Leakage shall not 

- 
Set up the regulator as in Figure 4. Adjust the regulator 

outlet to 15 PSlG and apply 200 f. 7 PSlG helium pressure to tlic! inlet 

of the regulator. Allow the outlct pressure to s t a h i l i x  for 10 minutes. 

Thcn, note thc change i n  ouflcf pressure ovcr a I/? hour pcriod. 
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Calculate tbe leakage per the formula on the data sheet. Leakage shall 

not exceed 2.0 scc He per hour. 

3.5 Gas Flow h Lock-up Pressure Test 

Set up the regulator as in Figure 5. Apply the conditions of Table I to the 

regulator. A minimum of one hour soak with the regulator at  the indicated 

temperature is required before daia is taken. 

of30  seconds duration. Outlet pressure shall not vary more than f .4 PSI about 

the nominal setting when the conditions for f low of Table t are applied und no 

more * . 1  PSI additional variaiion when the regulator is locked up. Total 

pressure tolerance at lock-up i s  f .5 PSI about the nominal setting. 

3.6 Cycling Test 

Flow checks shall be a minimum 

Set up the regulator as i n  Figure 6, Apply 125 f 10 PSlG to the inlet and 

Cycle the regulator set the regulator outlet pressure for 20 f 1 PSlG nominal. 

for 10,000 cycles befwcen zero and 90 f 6 SLPM with a minimum two seconds 

be tween each cycle. 

3.7 Repeat the test of 3 .4  Leakage. 

3.8 Xepeat the test of 3.2 Cleanliness Check. 

F- 5 
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4.1 Visual Examination test of paragraph 3.1 

Acceptability? ..it 
- -  

. -  I . . .  . - . . - .  - . .. .... 

I ..-. - * . : -  _ -  - _ _  - - -  - 4.2 Cleanliness Check of paragraph 3.2 

Acceptability ? 0 R . .  . . 

, J  , . -. . -.... . . .  - . ._ 4.3 Proof Pressure test of paragraph 3.3 

3.3. I - -- Inlet: Compldcd? ck. 
4.3.2 . .  Outlet: Completed? 0 /$, 

4.4 Lcakagc test of paragraph 3.4 
_Î -. 

- 4.4.1 - .  External Actual Leakage 0 

4.4.2 Internal Actual Leakage 0 

Leakage = L = ..136 A P . V. 

@, P = change in pressure gage reading 

over n 1/2 hour period. 
. .  - . _ -  

V. = Internal downstream volume of regulator 

and test set up. 
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4.6 Cycling Test of paragraph 3.6 

- -  Flow Outlet Pressure - 4.6.1 Before Cycling - 
. 

0 

_ _  
4.6.2 Number of cycles completed /et \/A- 

4.6.3 After Cycling - .- - Flow Owtlet Pressure - ..-- 

/q.&- 
. 90 / 4,?s' 

-. .- 
0 . .- -- . - . 
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4.7 Leakage Test of paragraph 3.7 

4.7. I External Actual Leuknge 0 

Actual Leakage 9 
I 

-- - ..._ - - 4.7.2 Internal - _  
4.8 Cleanliness check of 3.8 _-. 

Acceptability o b -  -. - 

_. . . 
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FIGURE 3 
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I I -- Thermocouple 
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Flow Indicator 
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CUSTOMER SERV I CEO 

- -  SHIPMENTS - - - ----- 
(To be. de termined ‘by Contr6ct; Dept . ) 

Shipper  No. 

.-- 
<-- i f .  

... / ? / / . ?  

ti-1 
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SE227 
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SHlPFFRNo'. __ SERIAL No. 

VALVS. . SERIAL --iJ---z 
I 

I .- .. -. . . ' .  I --'F 
. -  

I I I 

--i- I .  

I 

-~ 

CURE DATE 

; : --l------ 
I ASSKMBLY DATE 

IN r m c E s s  INSPECTION I FUNCTIONAL TESTS FINAL INSPE.CTION I 
. - .  

G-2.. Approved 
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